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Eleventh Experiment.—Fig. 13. With | 


this same Gothic arch a segmental circular 

arch was now made of 24.24in. span, and 

Tin. rise; the voussoir being as before 2. 
and 3.65 thick. 


2. 
ith 7.6 vs. on the summit, this arch 
balanced ; the weight being placed on a 


small stick resting on the summit. With 
& greater weight rotation occurred on 
joints 0, 2 and 4, the crown falling. 




















On trial it was found that the true line 
of pressures passes .15 from the edges at 
joints 0, 4 and 2; giving the characteris- 

Vou. XI.—No. 5—25 


tics of both a maximum and a minimum 
thrust. We find 


7.8 X 10 45 
6c 


8.d9 

This horizontal thrust is greater than 
we have hitherto had, and probably ac- 
counts for the line of pressures retreating 
.05 further, in the arch ring, than we 
found for the Gothic arch. The construc- 
tion is precisely similar to previous ones ; 
the dotted line in Fig. 13 representing the 
line of pressures. 

The ends of this arch required fastening 
tacks thrust into the board and pressing 
against voussoirs 4, .03 above the springing 
as in the first exp., with the Gothic, to 
prevent sliding. The thrust on joint 4 


= 9.21 vs. 


{| made an angle of 50° with the normal to 


that joint. 

12th Hxep.—With this arch resting on 
piers 3.63 wide, 5.8 high and 2. thick, each 
weighing 1.5 vs. the inner edge of pier be- 
ing on a line with the springing, the arch 
balanced with .5 vs. on the summit. 

We find, by constructing a line of pres- 
sures passing .15 from summit and the 
intrados at the third joint, that it cuts the 
base of pier .24 from its outer edge. Real 
arches have no mathematically plane 
joints, and therefore bear on the most ele- 
vated points. 

This of itself may account for any slight 
discrepancies that we may meet with. 
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Some of Mr. Bland’s experiments may 
now be tried, and they will be found to 
agree with the theory above ennunciated. 

Thus in his first experiment, with a 
semi-circular arch of 24 in. span, the 
voussoirs being of wood, 2.5 deep and 4 
thick, the arch being composed of 20 
voussoirs; it stood with a weight equiva- 
lent to 2 vs. on the summit; falling with 
2.5 vs. 

The line of pressures passes very near 
the extrados at the crown and springing 
joints, and very near the intrados, half 
way between the crown and springing. 

As in this experiment the weight proba- 
bly bore on some extent of surface at the 
crown, and as the details of the method 
used to keep the bottom voussoirs from 
sliding are not given, and as besides the 
arch could not have been an exact semi- 
circular, if the voussoirs were 2 in. in 
length (along their centre line from mid- 
dle to middle of joint) the construction 
evidently shows only an approximation to 
the truth. The same remark applies to 


some other of the experiments. 
The second exp. with a segmental arch 
is equally illustrative of the theory ad- 


vanced, as also Exp. 5. In Figs. 51, 52 and 
53 of arches on low piers, we likewise 
have a proof of the theory in question. 

Fig. 51 of Mr. Bland’s treatise represents 
the semi-circular atch just mentioned, 
balancing on piers7 in. high, the base 
measuring 4x4. The line of pressure 
passes near the summit, near the intrados 
at about 30° above the springing and near 
the outer edge of pier. 

The lines of pressure in the arches, Figs. 
52 and 53, pass through, or very near the 
summit and springing, and the outer 
edge of the piers. 

Figs. 55 and 57, of Mr. Bland’s treatise, 
represent Roman arches on piers, which, 
together with Figs. 54 and 56 of Gothic 
arches on piers, and Figs. 45 and 46 of 
Roman arches with weights on them (exps. 
with low piers), may be used to further il- 
lustrate Dr. Scheffler’s theory. 

In Chapter ITI of Mr. Bland’s book are 
given numerous experiments of the effects 
of a horizontal force applied to the 
top of vertical piers built up of bricks of 
various heights and areas of base. 

The reader will probably be surprised 
to find that, in the first 32 experiments 
given, if we regard the piers as solid, the 
actual horizontul forces exerted, to cause 





tumbling or rupture of some kind, was 
only three fourths, on an average, of the 
theoretical force required to cause over- 
turning about an edge. The manner of 
rupture is not given by Mr. Bland, but it 
is evident especially from a considera- 
tion of his Fig. 26, that rupture was caused 
by sliding or sliding first and overturning 
afterwards. 

In the few experiments of this kind by 
the writer, sliding usually occurred, even 
with brick piers ; though overturning fol- 
lowed the sliding. Each brick seemed to 
have a different coefficient of friction, so 
that for these light piers, sliding often 
occurred some distance down from the top; 
though for blocks with the same anzle of 
friction, the sliding ought to have occurred 
at the top. 

It is true that in any case of overturn- 
ing, the pier breaks along a diagonal and 
compresses at the edges, so as to cause 
leaning before overturning ; but this can- 
not alone account for the discrepancy 
mentioned above, perhaps. 

13th Exp. To form some idea of the 
action of mortar of different degrees of 
hardness, pieces of cloth .07 thick when 
not pressed, and .04 thick when pressed 
between two flat surfaces by the hands 
were put between the joints of the Gothic 
arch, (Fig. 11), each piece weighing .015 
voussoir. 

The span was then altered until the 
joints were all close, when it was fourd 
to be 14.57, the rise to the apex being 
14.55. On placing a drawing-board by 
the side of this arch and tracing its con- 
tour curves, they were found to be very 
nearly arcs of circles, though not with 
their centres at the springing points. To 
locate them; measure horizontally from 
the springing points .32 towards the mid- 
dle of the span, and then vertically down- 
wards 0.1 to the centres, from which the 
arch may be drawn. 

This arch balanced with 4.6 vs. at apex.; 
fell with 4.65 vs. The limiting lines to 
the curve of pressures, was found to be 
distant .3 = ; depth of joint from the con- 
tour curves, at its nearest approach to 
them. 

This arch spread outwards upon the 
application of the weights, joint 2 being 
the point of rupture at the haunches ; 
hence it is evident that if there had been 
a solid spandrel, or in this case, simply the 
pressure of the hands, to resist this 
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spreading, that the arch would not have 
fallen. The spandrel would have supplied 
horiz natal furces in addition to the verti- 
cal ones due toits weight. 

If the spandrel were not solidly built, 
at least up to joint 2, there would neces- 
sarily be derangement of the arch, 

The curves of pressure were drawn in 
all the foregoing experiments, not taking 
into consideration the last mentioned de- 
rangement of the arch; which, in the last 
case especially, would have caused this 
carve to pass nearer the edges. 

In fact, in most of the experiments, 
just before rotating, the edges alone 
seemed to be bearing. In the case of the 
simple Gothic, without cloth joints, when 
a sufficient weight was applied at the sum- 
mit, the joint there, and joint 2, opened 
sensibly before the balancing weight was 
put on. The segmental arch flew out at 
the second joints, falling at the crown, only 
opening when near the balancing point. 

Isolated weights applied at the summit, 
do not occur in practice, and it is hardly 
probable that a well-built viaduct, whose 
intrados is a segment of a circle, and of 
the proportions given in Fig. 9, with their 
joints only } in. say, will spread appre- 
ciably after the mortar has well set; and 
this is necessarily a stronger form of arch 
than the semi-circular, elliptical, or hydro- 
static, where the spandrel thrust is gen- 
erally required to cause stability. 

If the latter profiles are desired, let the 
depth of the voussoirs be increased to- 
wards the abutment, so as to keep the 
line of pressures within the proper limits 
of the arch ring, when the constructor 
will be assured of stability. 

It certainly seems singular, that engi- 
neers should ever recommend an arch like 
the hydrostatic, which necessarily re- 
quires a very effective spandrel thrust to 
keep the arch from tumbling down. 

The spandrels must in such cases be 
built with the same care used with the 
arch stones ; thus increasing the expense, 
while really losing in strength. 

14th Exp. In the joints of the same 
Gothic arch, pieces of soft woolen cloth 
15 thick when not pressed, and .1 when 
pressed hard between two bricks by the 
hands, were next inserted, each piece of 
cloth weighing .027 voussoir. The span, 
when the joints were close, was found to 


_ be 15 in.; rise to apex, 14.63. The cen- 


tres for describing the contour curves 





were 1.07 in. from the springing points 
measured horizontally towards the middle 
of span. 

This arch balanced with 2.3 vs. on the 
apex. 

Assuming this arch to preserve its 
figure, the curve of pressures passes about 
one fourth the depth of joint from the 
edges at its nearest approach to them. 

This experiment gives us some idea of 
the effect of thick plastic mortar joints or 
of uncentreing an arch with fresh mor- 
tar joints. 

15th Exp. A Gothic arch of about half 
the dimensions of the first given in Exp. 1 
was cut out; really, before the arch we have 
just been considering. 

It was not found to be symmetrical as to 
weight, one half weighing ,} of tue whole 
arch more then the other half. Still as 
arches in practice are unsymmetrical as to 
weight at least; it will be interesting to 
know, that assuming this arch to be sym- 
metrical the curve of pressures passes .U75 
from the edges at the joints of rupture, 
more especially with weights at the apex. 

All the preceding experiments were re- 
peated with this arch and the same laws 
approximately established. 

In the experiment with the cloth joints, 
the cloth was .05 thick not pressed; .‘)4 
when pressed hard by the hand. The 
curve of pressures was found to pass .l 
from the edges at the joints of rupture, with 
a weight on the apex, and nearly so in the 
pier experiment with no weight on the 
apex. 

16th Exp. Mr. Bland gives, (p 21,) an 
example ot a Gothic arch of 24 in. span, 
voussoirs 2.5 deep, which fell of its own 
weight; though it was partly built of flat 
bricks, which accounts tor its falling, for 
on making an arch of the above proportions 
it not only stood easily, but all the above 
principles were approximately established 
by it. The arch was not perfectly sym wet- 
rical as to weight, and was composed of 16 
voussoirs ; span 10.7 in. 

The line of pressures passed within .075 
of the edges at the joints of rupture. 

The arch given by Mr. Bland, was prob- 
ably not a true Gothic, or the joints did not 
fit along their whole extent; a sufficient 
hint to the constructor to exercise every 
care in these particulars in building. 

It is to be regretted that in the experi- 
ments given by Mr. Bland, where backing 
was used, that he does not state its thick- 
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ness, except in the case of some experiments 
with models of bridges. 

In the model of the Rochester bridge, 
Fig. 81, where the backing wascarried up 
on a level with the summit of the arch ring, 
the line of pressures will be found by the 
method of Art. 8 to pass very near the edges 
at the summit, the springing and the outer 
edge of pier. 

‘This experiment especially shows the 
error of passing a curve of pressures 
through the middle of the joints at the crown 
and springing, or within the middle third 
of the arch. 

The bridge would have tumbled on 
either supposition. This bridge was 100 ft. 
span, and 15 ft. rise; the model hav- 
ing a span of 15 in. and a rise of 3.75 
inches. 

A series of extensive experiments on 
large arches, of stone or even wood, some- 
what after the manner of these, is much to 
be desired as they would show us practically 
the effect of the compressibility of the ma- 
terials upon the line of pressures. 

Thus suppose stone or even wood arches 
of 10, 20, 30, 40, 50 and 100 feet spans to 
be cut out, and the balancing weights, at 
the crown, found. ‘The distance that the 
line of pressures retreats from the edges 
foliows, and we thus have practic«] data to 
work from, in designing similar arches; 
besides the law of that compressibility may 
be approximately found. 

An example will now be given of a combi- 
nation of the method used by Dr. Scheffler 
and that by the writer. Calling r, in Fig. 
14, the radius of the extrados, 7,, that of 
the intrados and n the proportion of the 
circumference included by the voussoir, we 

(r* —r,*) 


e " e 
have its content = for a thickness 


of i. Now this is equal to [ the depth, (7--7;) 
X the middle length (A”)] 


n(rz — 7,*) 
bavi n . 
length and depth on a drawing, their pro- 
duct will give the required volume. 

We now form the following table for Fig. 
14, where the dimensions of the voussoir are 
given just below the dimensions of the cor- 
responding surcharge. This manner of con- 
sidering the voussoirs and surcharge separ- 
ately is continued until in columns 8 and 
M, the quantities referring to the same 
joint are combined by the continued addi- 


hence measure the middle 





tion of the quantities in columns S and M 
separately. 
Fia. 14, 
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77|24.37 
.92}27-82 42.91)176.54)4.11) 
176.54 — 


Tf the voussoirs are taken the same size, 
there is really no necessity of entering their 
dimensions; simply giving their common 
area in columns. 

This manner of computing the surfaces (8) 
and their lever arms (C) is particularly ap- 
plicable in the case of tunnel arches, which 
often have quite a depth of voussoir; as for 
example the Thamee Tunnel, whose span 1s 
14 feet, the depth of the arch ring being 3 
feet. 

This method gives all the accuracy that 
is necessary in practice ; expecially as arches 
are never symmetrical as to weight, and 
besides their spreading, if any, at the 
haunches requires an allowance to be 
made. 

In experiments with arches with a back- 
ing, this method is especially applicable, 
particularly with full centre arches. 
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The decimals in the foregoing table are 
not carried out as far as they should be in 
practice. 

10.—The manner in which rotation occurs 
in an arch will be made clear from a con- 
sideration of Figs. 6 and 15. Suppose the 
resultant R to outside the arch ring at 
any point, and that it is not opposed by 
any resistance there; next conceive two 
equal opposed for- 
ces, || to R, to be 
applied at some 
point p (Fig. 15) 
of the joint. This 
evidently does not 
disturb the equili- 
brium. 

We see, that 
there is a couple 
RR formed togeth- 
er with a force 
equal and || toR 
acting in the direction of R at p; which last 
is resisted by the compressive reaction at the 
joint. The couple R, R can only be resisted 
by a couple; hence if there are tensile forces 
towards a, to be combined with the compres- 
sive reactions, a resisting couple may be 
formed of sufficient moment to maintain 
the equilibrium, and this is what usually 
happens in a solid arch of cast iron or con- 
crete, etc. ; butit is evident that if the joint 
can supply no tensile resistance, as in the 
ease of a plane joint without mortar, or 
with mortar whose cohesive strength is null, 
then rotation must occur, as there is an 
unbalanced couple to produce it. 

In fact (see Fig. 6) ifthe resultant R in 
any compressible arch, without tensile re- 
sistance at the joints, approaches nearer 
the edge than tts limiting position, an un- 
resisted couple is at once formed and over- 
turns the arch. 

To consider the voussoir arch, whose 
joints can supply no tensile resistances, 
further, let us suppose first, the resultant 
R, (Fig. 6) to be in the centre of the joint; 
the forces f- - -, f’- - - may for a small joint 
be regarded as uniformly distributed. Sup- 
pose now the resultant R to move towards 
the edge 4, slightly; there is still only 
compression on the joint, though its dis- 
tribution is according to some unknown 
law. There is no couple formed until R 
has passed its limiting position, as isclear- 
ly shown by the preceding experi‘ne ats ; 
otherwise rotation would have occurred, 
which however did not happen, 


Fie. 15. 


R 





In fact in moving the position of the re- 
sultant(Fig. 6) from the centre of the joint 
towards b, the stress becomes greater at 
5 than at a; and some line ss’ will limit 
the values of the elementary forces /- - - - 
J’- ---, representing thefa by arrows as in 
the figure. 

We cannot, however, locate the line ss’ 
with our present knowledge, except in cer- 
tain positions of R for solid arches, where 
actual tensile forces are brought into play ; 
the usual theory for that case being as fol- 
lows: Suppose the resultant R to be treat- 
ed as in Fig. 15, the two equal opposed 
forces being supposed applied at the neu- 
tral axis or centre of gravity of the cross 
section of the beam. 

The couple R & is resisted by the tensile 
and compressive resistances, acting respect- 
ively on either side of the neutral axis, as 
in the case of ordinary flexure of a beam. 
The remaining force, acting || and in the 
direction of R, at the neutral axis, being 
decomposed into its elements, adds to some 
of the forces brought into play by the couple 
R BR and subtracts from others. 

Fic. 16. Let us suppose the result- 
ant R to approach the cen- 
tre of gravity of the cross 
section; when it reaches a 
point a, which is } the depth 
of beam from the centre of 
gravity, for a rectangular 
cross section, varying for 
other forms, there are no 
real tensile forces exerted at 
the joint (Fig. 16); and as a 
approaches nearer the centre 
of gravity the determination 
of the elementary forces at 
any point becomes uncer- 
tain. 

In the solid arch, when 
R is farther from the centre 
of gravity than the point a, 
| tensile forces are exerted 

about the farther edge, 
which, together with the compressive 
forces, form a couple, which transports 
the resultant R nearer the centre of grav- 
ity of the cross section. 

In the voussoir arch, whose joints op- 
pose no tensile resistance, however, there 
is no resisting couple to effect this trans- 
| fer of the resultant, and it is absurd to 
suppose the two equal opposed forces at 
the neutral axis, in which case the arch 
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cannot be supposed to resist the couple 
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inevitably formed; with the same propri- 
ety might the two opposed forces be sup- 
posed, in the first instance, on the farther 
side of the arch ring; and yet certain 
authors seem to think that the line of 
pressures cannot pass outside the middle 
third of the arch ring without a couple 
being formed, and rupture ensuing, 
whereas our experiments have clearly 
proved that for the arches used this line 
of pressures passed on an average only ,, 
the depth of joint from the edge at the 
joints of rupture, without rupture ensu- 
ing. 

As the joints opened in many of the 
exps. before rotation occurred, it is evi- 
dent that if the joint had been capable of 
offering tensile resistance, that it would 
have come into play, and prevented the 
opening ; thus carrying the resultant 
nearer the centre and causing a more 
equal distribution of the resistance on the 
joint, than where the arch opposed no 
tensile resistance. Hence the utility of 
concrete arches, which can oppose such re- 
sistances, as also of solid metal and timber 
arches. 

A good illustration of the agreement 
between algebraical formule and graphic 
construction, may be had from a consid- 
eration of two inclined rafters leaning 
against each other, one of which (sup- 
posed of very small cross-section) is rep- 
resented by ad in Fig. 17. 


Fra. 17 


ae, Pag 
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Reasoning as in Art. 2, we see that the 
thrust at the crown is horizontal ; andif 
cll = weight of beam drawn through its 
centre of gravity, 4c ais the horizontal 
thrust. 

Divide the length of the beam into any, 
number of equal parts, four in the figure; 
combine as by the ordinary method, the 
hor‘zontal thrust, at a, with the weight of 





the first division of the rafter, acting 
through its centre of gravity. Combine 
this resultant with the weight of the next 
division and so on. The last resultant 47 
should pass through 6 and equal the 
thrust there, ed and act in the same direc- 
tion. The other method of construction 
abopted in this article may likewise be 
used, particularly for many divisions of 
the rafter. The bending moment on 
joint I is the length ii, multiplied by a 

erpendicular, from the neutral axis at 
joint I, to its direction; that on joint II is 
22 X perpendicular from II, to its direc- 
tion and so on for the others. 

Now if by the usual formule for an in- 
clined beam, we calculate these moments, 
they will be found to exactly correspond 
to those found above, mostly by graphic 
construction. The curve of equilibrium 
ai2345, as the curve of pressures is some- 
times cailed, is, for a beam of uniform 
weight per unit of length, a parabola, 
whose vertex is at a, as is well known. 

The component of any resultant, per- 
pendicular to the beam, is the shearing 
force on the joint to which the resultant 
corresponds; the parallel components 
give the direct compressive force on the 
beam. 

Fig. 18. 
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By algebraical formule, we know that 
the bending moment at I is equal to that 
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at III, that at a and 3, being zero ; also | the resultant strikes .22 from the outer 
the shearing force at a equals that at 0, at | edge of the base of pier, it was found that 
I, that at III; all of which we find by this | the direction of the thrust against the 
partly graphic method. | wall was inclined about 35° to the hori- 

Figure 18 represents two rafters 9.92! zontal, which is about what we should 
in length, 1.9 width (dimension in plane | imagine the angle of friction of the 
of paper) and 3.60 thick, leaning against edge on the wall ws. This proves the 
each other at the top and against piers 7.7 | first proposition in Art. 1. Even if the 
high, 1.98 wide and 3.6 thick at their bot- | thrust at the upper edge be assumed hor- 
tom edge, which is moved back 0.6 from oun oe 
the edge of the pier. The horizontal dis- _ 
tance between the vertical piers is 10 in.; 
so that the feet of the rafters are 11.2 
apart. Each rafter weighed 2.3 vs.; each 

jer 2. vs. The rafters and piers just 
Ehtanced in this position. 

Reasoning as in Art. 2, we see that the 
thrust at the upper edges of contact of 
the rafters is horizontal; hence draw a 
vertical line through the centre of gravity 
of the rafter equal to its weight; the re- 
sultant on the lower edge of the rafter 
passes through this edge, which combined 
with the weight of the pier acting through 
its centre of gravity, gives the resultant 
thrust on the base of the pier. In this 
case it strikes twenty-two hundredths(.22) 
from its outer edge. 

There is to be found in many standard 
works an erroneous theory of this case, 
which supposes half the weight of the two 
rafters to be suspended at the upper 
points of contact. If the reader will de- 
compose this weight into its two compo- 
nents acting along therafters, and then 
combine a component with the weight of 
the pier, he will find that the final result- 
ant will pass .83 outside the base of the 
pier, and yet it stood well. The same | izontal, it will be found that the final re- 
thing may be seen on investigating Mr. | sultant passes outside the base of pier; 
Bland’s exps. on rafters, p. 70. Until | hence, such an assumption is false. The 
such palpable errors as we have noted | construction (Fig. 19.) by extension, will 
along, are expunged from text books, also show that .32 v. of the rafter is sus- 
the young engineer cannot be said to| tained by the wall, 1.98 v. being sup- 
have a safe guide in the theory of his pro- | ported by the pier; i. ¢. about one seventh 
fession ; and y* old practical man will| of the weight of the rafter is upheld by 
ever smile at the attempts to reconcile | the friction of the plastered wall. 
theory with practice. On leaning a half arch against a wall, 

The next Fig. (19.), represents a rafter | it was found to balance on higher piers 
and pier of the preceding experiment;| than when the other half was placed 
the rafter leaning against a vertical rough against it. 
plastered wall by its edge, the lower edge 11. It would be beyond the scope of 
resting on the pier 1.03 back from its in-| this article, to follow Dr. Scheffler in the 
neredge. This was the balancing posi-! discussion of horizontal, as well as verti- 
tion. The construction is as before ex- cal forces applied to the arch, which how- 
plained in Art. 1, for Fig. 1. | ever presents no difficulty. As all in- 

After several trials, assuming as we clined forces can be resolved into vertical 
found in the preceding experiment that, and horizontal components, it follows 
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that his discussion applies to any form of | 


arch, solicited by forces inclined in any 
direction. A profile may be designed, by 
simply assuming first some form of arch 
deemed the best; then drawing its curve 
of pressures for the load passing through 
the middle of the joints at the crown and 
springing, and taking this curve as the 
centre line of the desired arch ring, when 
it will generally be found that the curve 
of pressures for this last arch will remain 
everywhere within the proper limits; a 
second trial being rarely, if ever needed, 
1n practice. 

Thus we find that the strongest form 
of arch, with a very high surcharge of 
masonry is the parabola. Dr. Scheffler 
found by a construction of this kind 
that the ellipse was the best form for an 
underground tunnel. 

The simplicity and accuracy of Dr. 
Scheffler’s method must commend it to 
practical engineers. 


UNSYMMETRICAL ARCHES. 

12. Dr. Scheffler demonstrates in this 
case, for mcompressible voussoirs, what 
curve of pressures corresponds to the 


Fia. 


A 





minimum of the thrust, and is therefore 
the true one. It would lead us too far 
here to enter into this discussion. The 
most usual case, being probably the only 
one met with in practice, furnishes this 
characteristic for the minimum thrust; that 
it has two points of contact with the intra- 
dos and an intermediate point common 
with the extrados, which is identical with 
what we have before found for symmetri- 
cal arches. This case includes that, where 
the points of meeting the intrados are at 
the springing. 

There is a joint, EF (Fig. 20) generally 
near the crown at which the thrust is 
horizontal. Where the arch is only so- 
licited by vertical forces, by compounding 
them with this thrnst, as before, we find 
the resultants on every joint, and it is 
evident in this case that the horizon- 
tal thrust is the same all through the 
arch. 

It is more convenient however, to find 
the inclined thrust at the crown and com- 
bine the partial weishts with it, to find 
the resultant on each joint. 

Problem: To find this inclined thrust 
and its point of application : 


20. 
E 


























Let I, L, K be three points through | 
which we wish to pass a curve of pres- | of the pressures acting through I, L, K.; 


sures (Fig. 20) ACB a horizontal line | 
drawn through the highest point of the | 


extrados, and let there be: 
Q the horizontal thrust, i. ¢. the hori- 


zontal component of any one whatsoever 


P the vertical component of the pree- 
sure § at the crown joint, which will be 
considered positive, if it is directed up- 
wards, as regards pressure from the right 
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purt upon the left; in fact P may be re- 
garded as a supporting force, when to the 
right of the joint E F, for if the arch only 
extended to C, P would be the weight 
that would be supported or resisted there; 
and so for any point of the arch to the 
right of E F. 

Let 9, be the vertical distance of the 
point of application of S below the hori- 
zontal ACB ; 91, hi; Gx Aa; Js As, the hori- 
zontal and vertical co-ordinates of I, K 
and L as to the point C as the origin ; 

P', P", P', the vertical components of 
the pressures acting through I, K and L; 
P,, P,, P;, the weights of the segments C 


I, CK, CL, with their loads ; 


Pv P» P» the horizontal distances of 
the centres of gravity of these segments 
from the point C. 

To abbreviate, let us put: 
£:-P: = 4 £:-P. = a, 
h.-q =b, 2-q =b, 
gxg: = dy &i-Bs = dy 
h,-h, = e, h,-h, =e, 

We have : 


P+PeP, - - - - - - = = (1) 
PUu—P=P,- - - - - - - = (2) 
a, P, —g, P=b, Q - ae = 8 : 
a P,Xg,P=—b,Q - - - - - 
a P,—g,P=bQ - - - - - 


If the third given point L of the curve 
of pressures is upon the joint at the crown 
C, the value of q is known, and we have: 
g:=0,h,—q,P,—O. From eqs. (3) 
and (4) we fi id 

« ‘beP, —aqb, Py __ @¢,P, —a9"aPs 


™ Side tbigg ~ gs — «gure 
__ @,P,—g,P x @,d,:P,+aedyPy 
b, yanks €g5—€3dg 


If L is not upon the joint at the summit, 
we find* 
, a,¢,P, —a,¢,P,+a3e Ps a .(8) 


€gdy —€3dg 


£:-Ps; = 4, 
} sq = b, 
£:x8. => d, 
h,-h, = e, 





..(6) 





Q = a,d,P,+a,4,P,—a,d,P, 
ae €gd, —eyily . 
a,P,—9,P 
q= h, = a 








* Add (4) and (3) and call the sum eq. (13); also 
subtract (5) from (3). Place the values of Q equal 
to each other in this last ey. and eq. (13); reducing, 
bearing in mind that d,-d, —d,. e,-e, =~ ,, &e., 
we find P as in eq. (8). Substitute this value of 
P just fonndin eq. (11) and deduce Q, which giver 
éq. (9). Eqs. (6) and (9) are only particular cases of. 
eqs. (8), (9) and (10) when P, = O. 





Example 1. Fig. 21 represents the same 
viaduct, before considered in Art. 8, with 
a load of 40 tons on 15 feet of length over 
divisions 2,8 and 4, on one side of the 
arch only. Table 1 (Art. 8) refers to the 
right half of the arch: table 2 of the 
same article to the left side. 

Let us pass a curve of pressures through 
the middle of the crown and through a 

int, on each springing joint, 4 depth 
joint above its lower edge. 

We find from the drawing and tables 


n — ds —— 25.6, b, ss db, — 10.75 
P, = 330, n= 15, a, = 10.6 
P, == 236, Pp, = 16, a,= 9.6 


From (6) : 

a,b,P,—a2b, P ‘ a 

= Ts. oe + — 24 cubic ft. of stone; 
from (7): 

__ 4, P,—g,P 

ee 


== 268 cubic ft. of stone; 


Q 


From M, the middle of the crown joint» 
lay off downwards MN=P, also NH=Q on 
the horizontal through N; MH will then 
represent the resultant on the crown joint 
in direction position and magnitude; and 
by combining it with the weight of each 
artificial voussoir and load, on each side of 
the crown, each acting through its centre 
of gravity, we evidently obtain the result- 
ants on the various joints in direction, po- 
sition and magnitude, and therefore can 
trace the curve of pressures. For example, 
to find the resultant on the third joint on 
the left side of the arch : draw a horizon- 
tal line through M and lay off on it the 
distance of the centre of gravity of the 
three first divisions, from M, which by 
Table 2 (Art. 8), column C, is found to be 8.8. 

Draw a vertical through this point and 
from its point of intersection with MH, lay 
off upwards the weight 159 (column 8) of 
the three divisions in question. 

From the upper extremity of this last 
line draw a line || and equal to Mi ; com- 
pleting the parallelogram of forces as per 
figure, the point where the resultant cuts 
joint 3 is the centre of pressure of that 
joint, and the resultant is given in magni- 
tude, position and direction by the diago- 
nal. 

The construction for the other joints is 
the same. 

The nearest approach of the curve of 
pressures to the extrados is on joint 2, of 
the left side of the arch, where it is only 
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three tenths (.3) of a foot (on a large scale 
drawing it was found to be .35) irom the 
edge. The nearest approach to the intra- 
dos is at joints 3,4 and 5 on the right, 
being only about .7 to .75 from the edges 
at those joints. Hence if we desire the 
curve of pressures, with this load, to remain 
in the middie third of the present arch 
ring. we must increase its depth about .6 ft 
making the arch stones 3 1 ft. in depth. 

It will-be interesting to compare some 
empirical formule with this result. Dr. 
Rankine gives * for the “depth of key- 
stone for a single arch. 
in feet = +/ -12 X radius at crown)” 
= y 12 X 36.25 = 2.1. 

Depth of keystone for an arch of a series, 
in feet = 7/(.17 X radius at crown — 2.5. 

Mr. J. C. Trautwine gives ¢ for that span 
and rise 2.16 as the proper depth of key- 
stone. ! 

By interpolation from Dr. Scheffler’s 
tables t we find that he recommends in 
this case 3.5 ft. depth of keystone. 

It must be remembered that when a lo- 
comotive passes rapidly over a bridge, that 
the principle of the least resistance can 
only apply approximately, as it takes time 
for molecular resistances to come into play ; 
besides the shocks and concussions are 
the more damaging the smaller the bridge, 
hence while there is probably stability of 
the arch (Fig. 21) for a quiescent load of 
a 40-ton envine, it is not so certain fora 
moving load of that weight. 

As the spandrels are not capable of ex- 
erting much resistance above joint 2, it 
seems that it would be advisable to in- 
crease the depth of keystone to three feet. 

In fact while engineers have continued 
to increase the size of picces in wood and 
iron bridges, as heavier engines were used, 
in some cases to double the size once used, 
yet they recommend for stone bridges the 
same depth of keystone that has been found 
to answer for road bridges built many 
years ago. We are indebted to Dr. Scheff- 
ler, now, for the means of completely in- 
Vestigating symmetrical or unsymmetrical 
arches, with any kind of loads, vertical or 
inclined, upon the hypothesis of incompres- 
sible voussvirs; besides we may be said at 
last to have got upon the right track of 





* “ Civil Engineering,” Art 290. 
t “Engineer’s Pocket-book,” p 345. 
} “‘Traite dela Stabilité,” pp. 257, 277. 





investigation as deduced from the princi- 
ple of the least resistance ; hence we should 
be no longer confined to purely empirical 
formule. 

When we shall know the laws of elasti- 
city, the theory may be regarded xs com- 
plete for a statical load. 

It looks probable, however, from a con- 
sileration of the experiments wit: the 
wooden arches, as well as cases in practice, 
that t! e theory for incompressible materials 
is not modified greatly ; and it is more likely 
that severe shocks may have a g: eater in- 
fluence in modifying that law, than the 
compressibility of the materinis used. A 
considerable margin should always be left 
for these influences. 

Example 2. A load of 13.3 tons was as- 
sumed on division, 3 on oue side, and it 
was found that a curve of pressures could 
be drawn, for this eccentric lo.d, w.thin the 
inner third of the arch ring. 

If the backing is ratsed higher. thus 
making the bridge weigh more, a rolling 
lond will have less effect upon it; hence 
a less depth of keystone mav be used. 
Other things the same, it is a simple ques- 
tion of economy, considering the ap »roach- 
es, whether to increase the height of sur- 
charge above the arch ring, or the depth 
of the arch stones. The bridge considered 
could have the backing raised a foot high- 
er with advantage. 

Fig. 22 shows the effect of rollinz loads 
in different positions, on th» pi r-; the 
middle bay not being loaded but with its 
own weight, the end spans as per figure. 
The resnitants at the springing joints we 
have before determined; com!iiing the 
two on any pier with the weight of pier, 
according to the usual rule for three forces 
not intersecting in one point, we obtain the 
final resultants on the base of the piers. 
It is seen in Fig. 22, that in buth cases, 
the resultant falls inside the base a suffi- 
cient quantity for a rock foundation, 
though probably not for a soft one. 

It is seen from the figure that the 40 
tons on both sides produce a more hurtful 
effect on the pier than a 40 ton load on 
one side only. 

By combining the weight of abutment 
with the thrust on it, we find that the cen- , 
tre of pressure on the foundation course is 
sufficiently within the limits for most cases 
in practice. 

The dotted line in the abutment gives 
the centres of pressure of all the forces act- 





896 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





ing on each joint for the joints in ques- 
tion. For example, to find where this 
centre of pressure is on the springing 
line, produced, we combine the inclined 
re ultant on the arch joint at the spring ng 
wi h the weight of the abutment above the 
sp inging line, acting through its centre 
of gravity. This resultant makes an 
an: le with the vertical of only 23°, hence 
sl. ing on the springing course is not to 
be feared, if the abutment is solidly built. 
This centre of pressure must not be con- 
founded with the points of greatest inten- 
sity of stress which includes the springing, 
but cannot be farther traced in the abut- 
ment compose of a number of stones. 

We have considered the stability of this 
common form of viaduct under every point 
of view necessary in practice, and in the 
same manner can other forms of arch be 
investigate 1. 

If in any arch the first trial curve passes 
ou side the proper limits, mark the joint 
lin its opposiie the points of greatest depar- 
tue and pass acurve through three points 


thus found by the use of eqs. (8), (9) and 
(10). If the arch has stability at all, it will 
enerally be found that this last curve 
rawn will remain in the proper limits ; 
otherwise repvat the operation. 

It would lead us too far to consider in- 
clined forces, which are fully discussed by 
. Dr. Scheffl-r and offer but little difficulty. 

First Experiment. The Gothic arch given 
by Fig. 11 will now be considered with an 
unsymmetrical load. A stout needle was 
thrust into the second voussoir from the 
crown on the right side, in the direction of 





a vertical through its centre of gravity, as 
represented in Fig. 23. With a weight of 
3.3 vs. on the top of the noeveiie, tie arch 
balanced; opening at summit and lower 
edge of joint 1 on the right. The voussoir 
to which the weight was added would have 
slid if pins had not been thrust int» the 
edges of its joints, thus sup lying a force 
analogous to friction, thouga not iat -rfer- 
ing at all with rotation. 

We now form the following tables; the 
first being condensed from the oae refer- 
ring to Exp. 3, in Art. 9: 











36.49 


As the crown joint bore near the lower 
edge and the first joint on the right near 


its upper edge; try a curve of pressures 
passing .1 from those edges an!.l from 
the extrados on joint 4 on the left. 

We find 

A= 89 

pn 3.64 

6, = 12.2 

Pp, = 4, 

By Eqs. (6) and (7) we find 
3.64X.65X4—2.2X12.2 
P=~gpx Gta By —— 326 
3.64X44+8. 2 
Q= 12.2 

P. is here minus, hence we lay it off up- 
wards, then measuring Q to the right we 
get the resultant S at the crown from which 
the line of pressures may be drawn as in 
Example 1 of this article. 

The line of pressures drawn with these 
values of P and Q passes .36 from the 
lower edge of joint 3 on the right. It 
should pass the same distance from the edges 
at joint 40n the left, the crown and joints 
1 and 3 on the right, to correspond to the 
maximum and the minimu:n of the thrust, 
hence this curve ju3t found is not the true 
one. 





= 1.43 
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In two more trials, it was found that the 
true line of pressures passed about .18 
from the edges just mentioned, as drawn 
in Fig. 23. 

Although the characteristics of the mini- 
mum and the maximum of the thrust are 
not demonstrated, the reader will perceive 
that there should be stability in this case 
as the line of pressures is inside the proper 
limits. The lower edge of the crown joint 
was imperfect, beng the only imperfect 
edge in the arch, and this may account for 
the line of pressures retreating farther in 
the arch than for a load on the summit as | 
before considered. 

The thrust on joint 1, on the right, was 
inclined at an angle of 15° to the normal 
to that joint, which accounts for the sliding, 
asthe joints were planed and across the 
grain. 

2nd Experiment.—The segmented arch, 











Fie. 

















Fig. 13 was next tri d with the eccentric 
load. 

A short needle wa‘ hrust in voussoir 2 on 
the left, in the direction of the vertical 
throngh its centre of gravity, as shown in 
Fig. 24: the arch balanced with 5.4 voussoirs 
on the top of this needle. 

We form the following tables 


RIGHT SIDS. 























24, 





4 


The vous‘oir on which the weignt was 
placed would have slid along its joints, but 
for pins being thrust into its edges in a 
manner that did not interfere with rota- 
tion. | 

The arch flew out at joint 2 on the right, | 
hence a curve of pressures was tried 

sing .2 from the inner edge of this 
joint as also the middle of the crown, and 
.2 from the intrados at joint 4 on the left. 
This curve indicated the true curve more 
closely. A curve of pressures was next) 
tried passing .2 distant from the intrados | 
at joint 4 on the left and the extradosal 
edge at joints 1 on the left and 4 on the | 
right. In this case we find from the 
drawing and the tables : 


f=1232 g,— 4.14 
@= 580 a= 221 


92 = 14.17 


a, 


6.8 


h, 
P, 
€ 
d, 
From equations (8), (9) and (10) we 
obtain 
5.8X8.2x9.4— 6.8X8.2x442 21x0X1 1.03 
- 8.2 26.49 =a 
5.8X18.41%9,4-4.6,8X8,08X4 —2.21 26.49 


8.2X.6.49 —U 
= 5.36 
5.8X9.4—12.32x1.03 1.2 
— 








q=uS— 


On constructing the curve of pressures 
with this data, we find that it passes .15 
from the intrados at, joint 2 on the right 
and of course .2 distant from the edges at 
joints 4, 1 and 4, as assumed ; hence the 
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true curve will probably pass about .18 
from these edges. This is nearly (.03 dif- 
ference) whit we obtained, for the limits 
from the edges of the line of pressures 
in the ilth Exp., Fig. 13. Thetbrust on 
joint 1 on the left is inclined 16°.5 to the 
normal to the joint, nearly what we found 
before. This sliding in this and the last 
experiment only occurred just before the 
balancing wei,ht was applied ; the line of 
pressures travelling down the crown jo:nt 
as the weight was increased, until finally 
the direction of the pressure on joint 1 ex- 
ceeded the complement of the angle of 
friction. 

After patiently investigating all the pre- 
ceding experiments, we can not but 
conclude that Dr. Scheffler’s theory 
of the curve of pressures, viz., that it cor- 
responds to the minimum thrust that is 
consistent with the physical properties of 
the materials, is proved and beautifully il- 
lustrated by them. 

13. Analytical formulas for arches are 
founded upon this hypothesis*: that a 
curve drawn tangent to the resultant pres- 
sures on the joints, coincides, for all pur- 
poses of testing the stability of the arch, 
with the line of pressures of Dr. Scheffler. 

Now it is evident in the first place that 


the above hypothesis can only be proved by | 


innumerable graphic constructions ; hence 
the latter method is the real foundation of 
the first, if the hypothesis is shown to be 
correct by the constructions. In the sec- 
ond place, the hypothesis is near enough 
in some Casas as é. g., our viaduct, Figs. 9, 





*Rankine’s Civil Engineering, Art. 280. 


10 and 21, but that it is not so in other 
cases may be seen by drawing the tungent 
curve to the resultants, in tue cxse of the 
oval of the Neuilly bridge (Scheffler Fig. 
IL) about joints 6 and 7 ; the pointed arch, 
Fig. 1V., at joints 4and 5; as also the ex- 
periments with the Gothic arches of this arti- 
cle, where the tangent curve does not cut the 
springing joints at the true centres of pres- 
sure, aud hence the true line of pressures 
would not have been given by the ana'ytical 
formulas. In fact an arch may be perfectly 
stable, when this tangent curve passes out- 
side of the arch ring. Dr. Scheffler handles 
this and other theories with gloves off. The 
graphic method is so simple, and so little 
liable to error, compared with the other, 
that constructors will probably prefer it in 
testing the stability of an arch. It must 
not be forgotten, though, that analysis has 
afforded us the proper form of arch for 
many particular kinds of load ; thouvh the 
graphic method will effect the same thing 
by assuming our arch, drawing a line of 
pressures through the middle of the crown 
and abutment joints and then taking this 
line for the centre of the arch. A second 
approximation will rarely be needed if the 
first form of arch is chosen with some dis- 
cretion. 

The graphic method is general and ap- 
| plies to any conceivable arch, loaded in 
|any conceivable way, symmetrically or 

otherwise. 
| The theory of groined and cloistered 
arches, as well as domes, is treated by Dr. 
Scheffler, making use of the principle of 
|the least resistance to ascertain their sta- 
| bility. 








COMBINATIOM BRIDGES FOR RAILROADS. 


By J. O. PATTERSON, C. E. 
Written for Van Nostrand’s Magazine. 


In advocating the adaptability and econ- 
omy of the use of Combination Bridges on 
- railways, the writer has been frequently 
met by the assertion of two objectionable 
features. 

First.—That the difference of expansion 
from change of temperature in wood and 
iron causes such a serious leas of camber in 
hot weather that the bridge is in danger of 
failing below the horizontal line. 

Second.—That the difference in cost 
between a bridge entirely constructed of 


| iron and one of wood and iron combined is 
| not sufficient to warrant the sacrifice of 
| permanency due the iron structure. 

Convinced by some experience of the 
practical economy and efficiency of com- 
bination bridges, the author has been led 
to examine the ground on which these al- 
leged objections rest. 

In regard to the first: the loss of camber, 
it is obvious that the expansion or contrac- 
tion of the web members of a truss can not 





affect the camber, except to the infinitesimal 
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extent due the changes of depth of truss 
from that cause. Therefore we have only 
to consider the elongation of the bottom 
chord as tending to allow the bridge to sag. 
A moment’s consideration of the nature of 
a truss shows this to be true. We have two 
chords taking the horizontal stresses and a 
system of triangles which take the p!ace of 
the web of a solid girder, transmit the 
shearing stress to the abutments and main- 
tain the chords fixed in the same rela- 
tive position. Now if we increase the 
length of one of these chords, or rather 
spread each of the triangles of the web a 
little at the top, we force the truss to take a 
curved form. Because the long chord 
being prevented by the web from sliding on 
the short one they necessarily become parts 
of concentric circles, thus compensating 
for their difference of length. In a par- 
abolic truss the want of parallelism in 
the chords does not affect the principle, 
but the increase of length in each panel 
would not be uniform but proportional to 
the depth of truss. Between 8000 and 
9000 feet is the ordinary radius of the cam- 
ber curve. 

In order to ascertain the amount of vari- 
ation of length which is likely to occur in 
the bottom chord, we will assume 150 de- 
grees (7. ¢. from —30 deg. to x120 deg.) to 
be the maximum range of temperature for 
the section of country most actively en- 
gaged in the construction of railroads. 

The expansion of wrought iron due 150 
deg. increase of heat as given in the text 
books would equal 0.001 of the length of 
any bar of that material, but it is but fair 
to suppose that the drilling of the eye bars 
of a bridge chord (which determines their 
length) is done with the body of the bars 
at an average temperature of say 60 deg., 
therefore it is not the extreme variation of 
temperature which should determine the 
loss of camber, but the difference between 
that at which the bars are formed and the 
maximum. 

However, as the top wooden chord is 
shortened by stress to a small extent, in 
the following calculations, we will consider 
the maximum range of 0.001, the length as 
affecting the bridge. 

Taking, for example, a truss of 199’ 6” 
clear span, and 24 ft. deep, say 14 panels 
of 14’ 3” each on the Howe plan, with a 
camber of 7 in. Each panel of the top 
chord would be ingreased in length 74, of an 
inch, and as there are 12 panels (the end 





posts and counter being omitted) the total 
increase in length of upper chord would be 
7.2in. The greatest possible longitudinal 
expansion of the lower chord equal 199’ 6” 
X 0.001 == 2 37, in. —7.2" — 2.37" = 4.83" 
== 43 in. camber remaininy in bridge. The 
deflection under full moving load should 
be between 1} and 1; in, consequently 
there will remain 3} in. crown in the truss 
under the most unfavorable circumstances, 
which is certainly an ample margin for 
safety. As the camber and deflection are 
both proportionate to the span, there would 
be a proportionate margin in any length of 
truss. 

The contraction of the chord in winter 
would simply have an opposite effect—in- 
creased camber ; and while the bridge does 
not drop below the horizontal line and one 
end is free to move, can cause no excessive 
stress. 

As regards the second objection, it seems 
to me that so long as the interest on the 
excess of cost of an iron over a combination 
bridge remains more than sufficient to pay 
for renewals of the latter, the former re- 
mains the most costly, or, to state it more 
conveniently, let c=—first cost of combina- 
tion bridge, and z=same for iron bridge, r 
cost of renewal in percentage per annum on 
first cost, and 7’==legal or average rate of in- 
terest. Then we will say an iron bridge 
will only be economical when x2 <— _ a a 
In this case the greater original cost of the 
iron bridge may fairly be said to offset the 
inconvenience of the periodic renewals of 
the combination. 

As an example, compare the cost of truss- 
es 160 ft. in length, constructed on the two 
systems. 

Such a bridge on combination plan, with 
timber planed to facilitate painting, and top 
chords housed or covered, can be built by 
any reliable firm, at present prices of mate- 
rial, for $40 per lineal foot. 

We will suppose, to be on the side of 
safety, that the bridge will only be reliable 
for 10 years. An iron bridge by the same 
builder would not cost less than $70 per 
lineal foot, vide bids on the 25 Erie Rail- 
way bridges. 

The two trusses will then stand as fol- 
lows: 

TRON. 
SU . cadniacetgs'cvbeici ces siveceecedd $11,200 
Interest 10 years at 6 per cent 6,720 


Total cost at end of ten years............+++++-$17,92 
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gee COMBINATION. 86 Of the many forms of truss which have 
Interest 10 years at 6 per cent................ 8,840, been adapted to the combination principle, 
52,000 ft. beam pine timber for renewals at $25.. 800 the lightest, most elegant, and suitable of 
Taber on renewals at 95 per fest. = ..........- /all seems to have been entirely neglected. 
Total cost at end of ten years............0.0-- $11,840 | I allude to the inverted bowstring ; fora 

deck bridge nothing can be more simple and 


The charge of $1,600 for renewals is= | effective, and it is as readily adapted toa 
0.025 per cent. per annum on original cost through bridge as the “ Fink” or “ Boll- 
of combination truss, and applying our|/ man.” By varying the length of panel the 
formula we have ih J, £9,066,66 | eye bars may be kept of uniform length, 

=. ' the diagonal bracing necessary is extremely 
and under this price we must build the iron | light, the posts have but a panel load to 
bridge to obtain for it the merit of economy. | carry except towards the centre of span be- 

Tn the renewal of the combination bridge|tween the points at which the stresses 
only the cost of timber has been figured, as change sign under a moving load where 
the ironwork after ten years in it would |there is a slight excess to be borne. The 
certainly be as valuable as iron after the | top chord being subject to the maximum 


same service in the other truss. stress from end to end, would occasion seri- 
dlitiiie: ene ous loss of economy if of metal, but being 
timber, the fact is immaterial (as all at- 


If the end braces or posts of a combina- jtempts to reduce the amount of timber 
tion bridge are of iron (about $1,00 per lin. | towards the ends of chords of that material 
ft. of truss will pay for Phoenix columns at to theoretic requirements have resulted in 
end) and the top chord of timbers extend- an expense of framing greater than the sav- 
ing over not more than two panels, then the | ing in timber), and furthermore, if there is 
entire wooden portion of truss may be re- any position about a bridge in which a cast- 
newed piece by piece, without the employ-|iron strut may be used with safety and 
ment of any false work. economy, it is as a post in this style of 

A properly designed truss of wood and truss. All these points considered, I think 
ivon once carefully adjusted should require no | the inverted bowstring deserves a trial, at 
more attention than oneof iron. In fact, in| least. 
the post combination no adjustment is possi-| Of the permanency of our iron bridges 
ble, nor has it been found necessary. A | nothing has been said in this paper, as that 
change of length of probably y; of an inch in | question has been frequently raised and dis- 
the vertical rods, or 4, in the long diagonal} cussed; future experience alone will decide 
with double intersection, can hardly be ex-|it; that some of them will fail in parts ex- 
pected to disarrange the relation of parts of| posed to moisture but inaccessible to the 
a truss to any hurtful extent. | paintbrush, is more than probable. 








IS 772 FOOT-POUNDS THE TRUE DYNAMICAL EQUIVALENT OF 
ONE THERMAL UNIT. 


By E, A. JACK, C. E. 
Written for “‘ Van Nostrand’s Magazine.” 


Latent heat has been defined as the| pressure (cp)—0.238 of a thermal unit, and 
quantity of heat which disappears in pro- | at constant volume (c v)=0.169 of a thermal 
ducing changes other than elevation of|unit. Hence 0.238 —-0.169—0.069 is the 
temperature. Let us suppose the change|latent heat of expansion or fraction of a 
to be that of volume, and convert it into foot ‘thermal unit that has been converted into 
pounds of energy, with air for an example. | work of expansion. 

The volume of 1 lb. of air at 32 deg. And >= _ 266.8 ; the d ‘al 
Fah., is 12.387 cubic feet, and it expands ve > ondrrrlibredite sown 
0.0020276 of its volume, or 0.025 cubic| equivalent of one thermal unit for this pro- 
feet for an increase in temperature of 1 deg.| cess. This, substracted from Joule’s equiv- 
Fah., and in so doing exerts 2116.3><0.025 | alent, leaves 772 — 766.8 =5.2 foot-pounds, 
==5.29075 foot pounds of energy. which may have been expended in produc- 

Now the specific heat of air at constant! ing work other than that of expansion. 
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LOCOMOTIVES FOR ASCENDING 


STEEP INCLINES WITH SHARP 


CURVES. 


(Continued from October No., page 313.) 


Every departure from this in an ascend- 
ing direction, operates against the ad- 
vancing power of the locomotive in two 
ways, viz., by diminishing the surface ad- 
hesion of the wheels and rails, and, on 
the other hand, proportionally adding to 
the weight to be raised or drawn up the 
incline. While the surface adhesion, on 
which the ability of the locomotive to ad- 
vance depends, is diminished, the load it 
has to contend against is increased by 
bringing the force of gravity to act upoa 
it, tending to drag it down the incline. 
The preceding observations embody the 
physical facts or principles, from which 
the best practical means of enabling loco- 
motive trains to ascend inclines are to be 
educed. It is not primarily a question 
respecting increasing the power of a loco- 
motive to enable it to draw a greater 
weight up an incline than on a level; for 
no amount of power can avail to effect the 
desired object, if the hold of the driving 
wheels on the rails be inadequate to keep 
the locomotive advancing, and hence it 
becomes one simply as to the best means 
of supplementing or compensating the 
diminished adhesion of the driving wheels 
on an incline, subjected at the same time, 





in its reduced state, to the direct opposing 
force of gravity. | 

To compensate for this loss of surface | 
adhesion on inclines, recourse is generally 
had to coupling all the wheels, or as many | 
as are practicable, to the driving wheels, 
or,in other words, to make use of the 
entire weight of the locomotive for adhe- | 
sion. But it does not fulfil this end with- | 
out incurring a disadvantage of a differ- | 
ent kind, for increasing the number of 
coupled wheels of a locomotive beyond a | 
certain limited extent, is open to serious | 
objections, vn account of the lateral fric- 
tional resistance encountered on curves! 
by a series of coupled wheels connected | 
in a longitudinal direction by rigid bars | 
—_—— of little or no lateral mo- | 

ion. 

The remedy to be sought, therefore, is | 
to obtain an equivalent amount of surface 
adhesion by some other method which is , 
free from this objection, and the de-| 
sign of these observations is to suggest 

Vou. XI.—No. 5—26 


one way in which this may be accom- 
plished. 

The framework of the locomotive and 
tender (which is rigid throughout) is sup- 
ported on three axles so placed as to have 
as nearly as possible an equal pressure 
on each axle. The centre axle is of suf- 
ficient length to allow of transverse play 
through the axle boxes, and thus accom- 
modate itself to curves of any degree of 
sharpness. The two end axles have not 
means for transverse play as the middle 
one, but have the boxes in which they 
run so arranged as to allow the axles 
always to point to the centre of the curve 
or curves on which the locomotive is 
travelling, with an arrangement of springs 
to cause them to return to their normal 
position on arriving at a straight portion 
of the line. The centre axle also has a 
certain amount of lateral play in its axle- 
box, but not so much as the two end 
ones. On each of these axles are two 
pair of wheels, one pair at each end placed 
close to each other, the wheels running 
ona pair of double rails. The outside 
wheels are the ordinary flanged ones now 
in use, while the inside pair have a con- 
cave surface ranning on corresponding 
convex rails. The motive power is ob- 
tained by three pair of cylinders, one 
pair for each axle. Each pair of cylinders 
are fitted on an independent framework 
resting on the axle, and supported at each 
end by wrought iron plates, between 
which the framework is capable of mov- 
ing on friction rollers, etc, when force is 
exerted on it by the axles on the wheels 
entering upon curves, and thereby caus- 
ing the pistons to act normally to the 
axles under all conditions. 

So that we have, as it were, three inde- 
pendent locomotives witha boiler, tender, 
tank, etc.,in common. Of course to sup- 
ply sufficient steam for so many cylinders 
the locomotive must be of large dimen- 
sions; but that is no objection, as it is 
found that 50, 60, or even 80 tons of ad- 
hesion weight are required now-a-days 
for working cheaply constructed lines 
with heavy gradients and sharp curves. 

In order to obtain as equal a pressure 
as possible on each axle, the boiler and 
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furnace are placed in the centre of the 
frame, and a coal bunker and water tank 
is placed at the ends. But these are 
mere matters of detail, and, of course, are 
subject to modification, depending on the 
nature and size of the locomotive. But 
the two great principles to be borne 
in mind are—lIst, that the entire weight 
of the locomotive, &c., shall be available 
for adhesion; and 2nd, that there shall be 
no rigid couplings. As there are a double 
line of rails, the best gauge would be 5 
feet 6 inches, which is the one used on the 
Indian Railways, and which is, if I mistake 
not, now considered to be the best, taking 
both economy of working and safety in 
travelling into account. 

There are four points to be urged in 
favor of the adoption of a double pair 
of wheels on each axle and correspond- 
ing double rails :— 

1st.—That the great pressure on the 
rails is relieved by doubling the points of 
support, which becomes a matter of the 
gravest importance when locomotives 
of upwards of 60 tons are used. 

2d.—That the lateral frictional resist- 
ance resulting from the use of rigid 
coupling rods 1s got rid of, and 

3d.—That additional safety and stead- 
iness are obtained in running round sharp 
curves. 

4th.—The surface adhesion is increased 
enormously, since the surface of the inner 
wheels and rails are made to fit exactly, 
and we have two surfaces in contact dur- 
ing the revolution of the wheels on the 
rails, instead of only two lines, which is 
the case with the coned wheels. 

Against these advantages is to be bal- 
anced the additional outlay in the con- 
struction of the line; but, as the deterior- 
ation and wearing away of the rails is 
chietly, if not alogether, caused by the 
driving wheels of a locomotive, these 
double rails should last double the time 
that a single rail does, supposing the 
same number of driving wheels run on 
the double rails as run on the single, so that 
the only loss is the interest of the extra 
outlay. 

But what is it compared to the enor- 
mous savings effected by having steep 
gradients and sharp curves in lieu of ex- 
pensive tunnels and viaducts. On curves 
allowance is made for lateral friction, 
ae eens the cross section of the inside 
rails. 





I have still another plan tv propose, 
but which is more suited for moderate 
gradients, such as are to be found at home, 
and which is applicable to the present 
system of locomotive trains. It consists 
in converting into assistant locomotives, 
worked by the pressure of the atmos- 
phere, the tender, and any other vans or 
carriages of the train that may be deemed 
suitable for this purpose. The tender 
and carriages selected for this purpose 
would require to be furnished with a pair 
of driving wheels fitted up with the usual 
pistons and cylinders, having the usual 
apparatus of valves opening alternately 
to the atmosphere and to an eduction 
or vacuum tube. The latter to be carried 
below the middle of the connected car- 
riages, having at the coupling of each 
carriage a flexible or yiclding point, to 
adapt it to their independent movements, 
and terminating in exhausting cylinders, 
placed in the primary locomotive, and 
worked by the power of its engine, in 
addition to working its own driving 
wheels. 

Without entering into further detail, it 
may be observed that the practical diffi- 
culties connected with this arrangement 
seem to be chiefly of a mechanical kind, 
relating to the joints of the vacuum tube, 
such as rendering them capable of being 
easily connected and disconnected, pre- 
serving their air-tight function and flexi- 
bility, and insuring them, under ordinary 
circumstances from being liable to in- 
jurious extension or compression amid 
the irregular movements of a train of 
loosely connected carriages having a cer- 
tain amount of play between each. But 
in the present advanced state of the 
mechanical arts it cannot fora moment 
be regarded as being of a very formidable 
character. 

As the pressure on any part of the at- 
mospheric apparatus can never, under any 
circumstances, on account of imperfect 
vacuum, come up to 15 lbs. per square 
inch, there will be the less difficuity in 
making the joints at once sutliciently 
strong and flexible; while, for the same 
reason, general lightness may be con- 
sulted in the construction of every part 
of the arrangement. 

The advantage of the plan just des- 
cribed is, that it permits the extension of 
locomotive power through the medinm 
of atmospheric pressure, to any portion of 





ad 


= cre 


| ee cl i ee el 


- he + 


On 


ON MORTAR. 403 





a train, thus rendering it assistant in the 
work of propulsion. But if it were de- 
sired not to carry it further than the ten- 
der, the most obvious and better way 
would be, instead of employing atmos- 
pheric pressure, to connect the tender by 
asteam pipe, having a strong flexible 
joint at the coupling, with the boiler of 
the locomotive for the supply of steam 
power to work the machinery of the ten- 
der. 

Since this part of my paper was written 
ir December 1862, Mr. Sturrock, the 
Saperintendent of the Locomotive Depart- 
ment of the Great Northern Kailway, has 
taken out a patent for working the tender 


by steam obtained from the boiler of the 
locomotive, and the results obtained by 
this improvement are exceedingly good. 
Thirty-three per cent. of excess of load, 
and 50 per cent. ifthe furnace is im- 
proved, has to be drawn by locomotives 
with their tenders thus fitted up. 

With regard to the proposition for ob- 
taining additional motive power by means 
of atmospheric pressure, I would wish to 
state that I bring it forward more as a 
suggestion than as a carefully worked 
out problem; of its practicability I have 
;no doubt, provided that the exhaust is 

capable of maintaining a _ sufficient 
‘vacuum, 








ON MORTAR.* 


From “ The Engineer.” 


In buildings and structures mortar is 
employed as the agent for causing the 
stones, bricks and other materials used in 
construction to adhere together, also. to fill 
any crevices and irregularities in beddiug 
them. Its use for these purposes is of the 
remotest antiquity ; we read of slime being 
used in building the Tower of Babel, and 
asphalte in the construction of the walls of 
Babylon, and it is found from an analysis 
of mortar taken from the pyramids of 
Cheops that the Egptians employed lime 
and sand almost in exactly the same pro- 
portions that we now do; aud even the 
eareful directions given by Vitruvius in th: 
fifteenth century were carried out until the 





more modern researches of Vicat. 

The remarks in this piper will be con- 
fined to the treatment of mortar formed by 
the admixture of lime with sand and other | 
ingredients ; and as it is the author’s opin- | 
ion that a few facts obtained from actual 
practice are of much more value than any 
number of indiv:dual opinions which he 
might offer, he will, by the kind permis- | 
sion of Mr. George Fosbery Lyster,—mem- 
ber of this institution, and Engineer-in- | 
chief to the Mersey Docks and Harbor 
Board—endeavor to base this paper on 
data obtained while studying the method | 
carried out by that gentleman at Liverpool. | 

The limestoue which has been here em- 
ployed for the past forty years in carrying 





* Read before the Edinburgh and Leith Institution of 
Engineers, by Mr. Graham Smita. 


out the most extensive hydraulic works, is 
obtained from quarries situate in the Hal- 
kin Mountains, Flintshire, and is that or- 
dinarily used in Lincashire, Cheshire, the 
West of England and Wa'es. 

It is fuund from an analysis by Dr. Mus- 
prat of Liverpool to be composed of 75 per 
cent. of substances soluble in nitric and 
hydro-chloric acids, and 25 per cent. 
of those insoluble. The soluble sub- 
stances are:—Carbonate of lime, 72.0 per 
cent. ; carbonate of magnesia, 1.3 per cent. ; 
proto-carbonate of iron, 1.0 per cent.; sul- 
phide of iron, 1.0 per cent.; alkalies, 0.7 
per cent. Those insoluble are :—Silicic 
acid, 20.0 per cent.; alumina, 3.5 per cent.; 
sesquioxide of iron, &c., 1.1 per cent. ; 
water and carbonaceous matter, 0.4 per 
cent. 

The limestone, in order to expel carbonic 
acid, is calcined in kilns, on plaa oval 18 
by 12 feet, and .0 feet in height from the 
fire-bars, which dimen-~ions give a capacity 
of 8400 enbie feet. The interior is lined 
with fire-brcks, and the usual dome 
top is here dispensed with; three such 
kilns are built into one rectangular con- 
struction of rubble work, each of which is 
provided with a hoist for the purpose of 
lifting the limestone and fuel to the sum- 
mit of the structure when filling the kiln. 
The charging is done in the following 
manner:—A few shavings are placed on 
the fire-bars, upon which is spread a layer 
of coke about six inches in thickness, lime- 
stone is then thrown in until a thickness 
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of 1 foot, 10 inches or 2 feet is attained. This 
is followed by another layer of coke, and 
so on alternate layers of cuke and stone 
until the top of the kiln is reached, the 
layers of stone gradually increasing in 
thickness to 2 feet 6 inches at the top, 
with the exception of the uppermost, which, 
owing to its being exposed to the atmos- 
phere, is made on!y 9 or 12 inches. When 
completely charged, the shavings are 
lighted and the whole allowed to burn for 
six or seven days, as experience may direct, 
after which time not a trace of the coke is 
perceptible. The fire-bars are then with- 
drawn and the burnt lime raked out of the 
aperture thus formed on to the floor of an 
adjoining shed, where it is slaked with 
water, and produces a lime of moderate 
whiteness, after which, owing to the irreg- 
ular size of the stones put into the kiln, itis 
occasionally found that some of the stones 
are not sufficiently burnt. When this hap- 
ens they are picked out and reburnt, but 
& care in having the stones reduced to 
about the same size in the first instance 
tuis is of seldom occurence. 
In burning lime care must always be 
taken not to reach too high a temperature, 


as, owing to the fluxing properties of the 
lime, the silica and alumina would com- 


bine and form a species of glass. The 
stones should also be broken to » compara- 
tively small size, in order that the heat 
may more readiiy penetrate to their interior, 
and thus effect « saving in fuel. The 
amount of limestone put into the kiln is 113 
tons or 1930 bushels, and the requisite 
amount of coke is 144 tons. This pro- 
duces 75 tons or 1170 bushels of burnt 
lime, wh ch, with 15} tons of water neces- 
sary to slake this quantity, yields 98 tons 
of slaked lime or 3411 bushe’s. From 
these quantities it will be seen that the 
slaked lime has nearly three times the 
volume of the burnt lime which produced 
it, und that its weight is nearly 9 per cent. 
more than that of the burnt lime and 
water together. Limestones, when cal- 
cined, produce rich limes, hydraulic limes, 
and cements. Rich limes are produced 
from stones consisting almost wholly of 
carbonate of lime, such as chalk. They 
slake freely, and during this process 
augment from two and a-half to three and 
a-half times in volume. These harden 
slowly in air and not at all in water, and 
the mortar formed from them is liable to 
be attected by changes in the atmosphere. 





Hydraulic lime is obtained from stones 
containing 15 per cent. to 30 per cent. of 
silicates and sometimes magnesia. These 
do not slake freely, give off little heat, and 
will harden slowly under water. Some 
stones, containing 40 per cent. to 60 per 
cent. of silicates, produce cements which 
do not slake, but which, when ground and 
mixed with water, will set in air or water 
in a few minutes. The agency to which 
mortars owe their power of setting is not 
generally understood, but it is commonly 
considered that this action in rich limes is 
due to the evaporation of water and the 
gradual absorption of carbonic acid from 
the atmosphere, thus forming a crystailized 
carbonate of lime. In hydraulic limes it is 
bel:eved that the setting takes place from 
a chemical union of the lime with silica and 
alumina, thus forming an insoluble crys- 
tallized double silicate, without which 
mortars, placed in positions where air can- 
not penetrate, would never har!en. The 
author therefore considers that the quanti- 
ty of carbonic acid gas in the atmusphere 
being limited will to some extent account 
for the slow setting of r.ch limes; and as 
the atmosphere cannot penetrate to a great 
extent into thick walls and masses of con- 
crete, it would be unadvi-able to use for 
these purposes anything but hydraulic 
limes or cement, for the hardening of 
which the influence of the atmospliere is 
comparatively unimportant. From the 
analysis of the Halkin limestone, it will be 
seen that the components producing set- 
ting aud indurating under water exist to 
the extent of 25 per cent., and being even- 
ly distributed through its entire mass, pro- 
duce a mortar most favorable to the f rma- 
tion of an insoluble cy=taliized double sili- 
cate. To obtain good mortar, as much de- 
pends on the character of the ingredients 
and the mauner of mixing them as on the 
goodness of the lime it-elf. It does not 
necessarily follow that becuse a lime is 
good that the quality of the mortar will be 
good also. The best lime ever burnt would 
be spoiled by the custom common among 
some builders—to mix with it alluvial soil 
and rubbish taken from the fvundation 
pits of intended buildings. The sand 
should be hard, sharp, gritty, and, for 
engineering purposes, not tvo fine; it 
should be perfectly free from all organic 
matter, and with no particular smell. Good 
sand for moriar may be rubbed between 
the hands without soiling them. The 
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water should also be free from all organic 
matter, and on this account should never 
be taken from stagnant ponds. The pres- 
ence of salt in sand and water is not found 
to impair the ultimate strength of most 
mortars; nevertheless, it causes the work 
to “ nitrate,” or, as it is commonly termed, 
“ saltpetre,” which consists of white frothy 
blotches —_e on the face of the 
structure. It also renders the mortar lia- 
ble to moisture, and for these reasons 
skould never be present in mortar intended 
for architectural purposes, although for 
dock walls and sea-works it may generally 
be used with advantage and economy. 
Sand is used to increase the resistance 
of mortar to crushing, to lessen the amount 
of skrinking, and to reduce the bulk of the 
most costly material, lime. Water is the 
agent by which a combination is effected, 
and, as sand does not increase in volume 
by moisture, it necessarily follows that no 
more of the aqueous element should be em- 
ployed than is absolutely necessary to fill the 
interstices between the sand, and render 
the whole into a paste convenient for use, 
and the greater strictness with which this 
is adhered to, the more compact and durable 
will be the mortar. The mortar made from 
the Halkin lime is mostly employed on the 
Mersey Dock Estate in the construction of 
dock and river walls, for which purposes it 
is always mixed with salt water and sea- 
sand. The lime, within one to four days 
after being slaked, is taken to the mortar 
mills, which are cast iron circular pans 7 ft. 
in diameter, caused to revolve by suitable 
spur gearing at the rate of 20 revolutions a 
minute. In each pan are placed two rolling 
stones 4 ft. 6 in. in diameter. There are 
14 such mills to each set of three kilns, which 
are driven by an engine of 50 indicated 
horse power, and it is generally calculated 
that one mill requires 3} horse power to work 
it, as the mills are seldom all working at 
the same time. The engine before men- 
tioned is found adequate to drive the mills, 
lift the stone and fuel to the top of the 
kilns, and to pump from an adjacent dock 
the required quantity of water for mixing 
the mortar. The pans of the mills are pro- 
vided with false bottoms, in order that they 
may be replaced when worn out, the average 
life of these being about three months. In 
mixing the mortar the lime is first ground 
in the mills in a dry state for three minutes, 
the sand is then added. and after five minutes 
from the commencement the water is turned 





on, and as the necessary quantity is gauged 
by the tap, it is allowed to run the whole 
time, which, for the ordinary mortar, is about 
30 minutes; the quantity made at each mill 
in this time is a quarter of acubic yard. In 
some cases the amount is actually measured 
in order to ascertain if the men are making 
their full quantity. One man has to carry 
from an adjoining shed sufficient lime, sand 
and ashes to make five cubic yards of mortar 
in a day, for which he is paid 3s. 6d. The 
ordinary mortar used in the construction of 
rubble masonry for dock walls is mixed by 
volume in the following proportions: One 
sleked lime, two parts sand and one-third 
of a part smithy ashes. And the propor- 
tions for that used in brickwork are: One 
slaked lime, one sand and one smithy ashes. 
For the sake of convenience, in laying be- 
fore you the experimental results obtained 
by these compositions, the author will term 
them respectively ‘masons’ mortar” and 
“ bricklayers’ mortar.” In practice the in- 
gredients are not measured, as it is found 
that three average spades of lime, sand or 
ashes, are equivalent to one bushel. The 
mode of testing pursned was as follows: 
Bricks, the quality of which will be described 
in each individual case, were accurately cut _ 
to4} in. in width ; these were in all cases thor- 
oughly wetted, and bedded crosways, with a 
mortar joint ;°; in. thick and 4} in. by 44 
in., giving a testing area of 18 sq. in. On 
the time arriving for testing, which, unless 
otherwise mentioned, was in every instance 
168 days, or six lunar months, stirrups 
were passed round the ends of the bricks, 
two of these were attached to a beam, and 
on the remaining two was hung a bucket, 
into which perfectly dry sand was allowed to 
run from a hopper, the door of which was im- 
mediately closed when the joint parted ; the 
bucket and sand were then weighed, and this 
was taken to be the breaking weight of the 
specimen. In order to ascertain the differ- 
ence which would exist in practice from the 
employment of bricks of various texture, 
two qualities were experimented upon, 
namely, common bricks, similar although 
slightly harder than those known about 
London as “ordinary stocks,” and fire- 
bricks, very hard and much the same as 
Staffordshire blue bricks. The “mason’s 
mortar,” with common bricks, broke with 
496 lbs, with fire-bricks, 433 lbs. The 
“bricklayer’s mortar,” with common 
bricks, 610 Ibs., with fire-bricks, 516 
lbs. These are the average results of 
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three experiments in each instance, from 
which it would appear that soft porous 
bricks are preferable for work subjected in 
any way toa tensile strain. It being the 
author's impression that mortar when used 
in.a structure would bear a greater test, 
owing to the compression caused by the 
weight of the superincumbent mass, some 
resuits were obtained by subjecting the 
samples, twenty-four hours after b+ ing 
bedded, to a pressure of 56 Ibs., and fol- 
lowing this up with an additional 56 lbs. 
every day, until 4 cwt. was placed upon 
each. The “ mason’s mortar” under these 
conditions, with common bricks, broke 
with 683 Ibs.; with fire-bricks, 403 lbs. 
The “ bricklayer’s mortar,” with common 
bricks, 372 lbs., with fire-bricks, 423 lbs. 
These are not average resul's, one experi- 
ment only having been made with each. 
The first instance is the only case in which 
the author’s theory holds good, the remain- 
ing three cases being considerably below 
the respective averages of 433,610 lbs. be- 
fore ment.oned. This may be accounted 
for, as the author fears that in plac:ng on 
the weights the mortar was disturbed after 
having partially set, in which case it will 
In the 


never bind together a second time. 
case of mortar remixed with water six 
days after the first mixing, it was found 


that with common bricks the “ mason’s 
mortar” broke with 432 Ibs., against 496 
lbs., obtained with the same mortar when 
first mixed; the “bricklayer’s mortar” 
broke with 440 lbs., against 610 lbs, the 
advantage is thus shown of using mortar 
when first mixed. 

The importance of the admixture of 
ashes with mortar to be atmospherically 
diied will be shown by the following re- 
sults :—The bricklayer’s mortar with com- 
mon bricks after a lapse of eighty-four 
days broke with 570 lbs. ; where sand was 
substituted in the place of ashes, that is, 
when the proportions were one slaked 
line, two sand and no ashes, it only re- 
qu red 257 lbs. to tear assunder the bricks. 
‘These are the averages of three experi- 
ments. This is, no doubt, attributable to 
the ashes being porous; they thus allow 
greater facilities for the absorption of car- 
bonic acid from the atmosphere. By test- 
ing with a Michell’s lever cement testing 
machine, one of which is now before you, 
brickettes having a te-ting section of 14 by 
1,4==2.25 square inches, the average result 
of three experiments was found to be 248 





Ibs., which wil! compare very favorably 
with the results obtained by Mr. Grant 
with Portland cement mixed in the pro- 
portion of three of sand to one of cement, 
which broke with an average of 270 lbs. 
From the foregoing it will be seen that 
nothing like these high results can be de- 
pended upon in actual practice, as the 
maximum breaking weight with bricks and 
mortar was 780 lbs., or 43.3 lbs. to the 
square inch, against 110 lbs., obtained by 
breaking brickettes. Although no experi- 
mental tests have been made with this 
mortar of any great age, still, from the 
pulling down of old work it may with con- 
fidence be asserted that it fully complies 
with the old Scotch rhyme :— 

“ When a hundred years are past and gane, 

Then good mortar grows into stane.” 

On the Mersey Dock estate every stone 
and krick is properly bedded, jointed, and 
covered with mortar and “ grout,” which 
is simply the mortar reduced by water to a 
proper consistency. It is poured over the 
work, and penetrates into the body of the 
masonry, thus filling all cavities and as- 
sisting to keep the work moist during its 
progress, thereby producing an even settle- 
ment. It may be well to mention that 
this work is not done by contract, in which 
case the author considers so free a use of 
“grout” would not be advisable, as prob- 
ably it would be made to perform imper- 
fectly what ought to be done thoroughly 
with mortar. When using bricks they are 
in all cases moistened, as, if set dry or 
warm, the mortar would be robbed by ab- 
sorption of the necessary moisture for its 
proper hardening. From practice it is 
found that a cubic yard of rubble work 
contains one-third and brickwork one- 
fourth of a cubic yard of mortar. The 
paper was concluded by a few remarks on 
the selentic patent process of mixing mor- 
tar, the practical manager of the company 
being present to explain the method, 
which, owing to his absence this evening, 
the author has thought it well to omit. 

Since writing the foregoing paper the 
author has had opportunities for extending 
his researches, and with the permission of 
this meeting he will briefly mention one or 
two points. In “The Engineer” of December 
3d, 1869, a very lucid description is given 
of the construction and working of Hoff- 
man’s annular kilns, the scientific arrange- 
ment and practical attainment of which it 
would be well to study previous to setting 
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up kilns for any purpose whatever. During 
a visit to the continent the author was invi- 
ted to inspect one of these kilns near Bou- 
logne, employed to burn bricks, and was 
supplied by the proprietor of the brick- 
field with the following particulars: The 
burning of 15,000 bricks requires three tons 
of coal, costing 90 frances, and the labor of two 
men one day, 10 francs, in all 100 frances, or 
£4, being equivalent to 5s. per thousand, 
which he considered was about half the 
ordinary cost. Whether the exact saving 
will reach this amount or not is a question 
to be decided by those familiar with the 
working details of brick manufacture ; but 
the economy of the system is, in the author’s 
opinion, beyond question ; for when visiting 
some large lime-works in the neighborhood 
of Dorking. where two of these kilns were 
employed, the opinions of the continental 
brickmaker were fully endorsed by the 
manager. The lime here burnt was that 
commonly known as Dorking. It is slightly 
hydraulic, and is obtained by calcining the 
lower or grey chalks. It sometimes goes 
by the name of grey stone in London, 
where, being cheap, it is much in demand 
for ordinary building purposes, costing in 
the lump only 13s., and when ground 15s. 
per yard. 

. Although the first cost of these kilns is 
very great, still the before-mentioned re- 
sults and opinions, together with the fact 
that the contractors for the Metropolitan 
and District Railways deemed it economi- 
cal to set up kilns on this principle solely 
to burn brick for the construction of those 
railways, and removed them after their 
completion, will, in the author's opinion, 
fully sanction the large outlay where there 
is any amount of work to be got through. 

The fall of the Northfleet chimney, and 
the many letters written to the editor of “The 
Engineer,”.on the question, are no doubt 
fresh im the memories of the members 
present; but it may be well to reproduce a 
portion of a letter written by one who states 
that he has had “some bitter experience in 
the erection of ashaft :” “If the precaution 
was taken in building these high chimneys 
to have a fire placed at the bottom of the 
cavity or in the shaft every night after the 
brieklayers had done their day’s work, set- 
ting each night the work done the previous 
day, we should run less risks, and save the 
repetition of such dreadful calamities as 
the fall of the chimney at Northfleet.”’ 

The author, being of opinion that this 





advice was most misleading, and would, if 
carried out, be the cause of augmenting 
“such dreadful calamities,” thought it 
well to reply, and although the text of his 
letter is embodied in this paper, he will 
quote a few lines, as the statements may be 
of value, having remained uncontradicted 
by the criticising public: 

“The sun or heat will not set mortar ; 
it simply dries it, and by so doing robs it of 
the n cessary amount of moisture required 
for its proper hardening, and thus materi- 
ally reduces its resistance to crushing, as 
well as adhesive and cohesive strength. 
Mortar set in summer is not generally so 
good as that set in winter—of course, leav- 
ing frost out of the question. The expedi- 
ent of placing a fire in the shaft of a chim- 
ney with the object of ‘ setting each night 
the work done the previous day’ should 
never be resorted to. Mortar should never 
he hardened by heat; it would be equally 
justifiable to use warm bricks, which, it is 
needless to state, is contrary to sound en- 
gineering practice and the theory of mor- 
tar.—Nov., 1873.” 

We are told that this chimney was in 
design considerably more stable than 
many similar cones now standing; that it 
was constructed on a solid bed of chalk, 
with the best bricks, in the most approved 
manner; that the work was not pushed, 
and that there was not the slightest 
“ scamping,” all of which statements there 
is little reason to doubt; and to make 
things doubly sure, the mortar used in 
some of the work was composed of Dork- 
ing lime, sand, and Portland cement, 
which, in the author’s opinion, had some- 
thing to do with its failure, for lime and 
cement are very different in their action ; 
the former hardens slowly, almost solely 
by the absorption of carbonic acid; the 
latter immediately (comparatively) by form- 
ing a crystalline double silicate of lime 
and alumina without the absorption of 
carbonic acid. The lime would certainly 
not attain any great hardness at the end 
of eight or ten days. If ground lime was 
used it would slake and expsnd some time 
after the cement had begun to set; conse- 
quently the mass would be disintegrated and 
little better than sand, unless the propor- 
tion of cement was very small, in which 
case the particles of set cement would be 
separated, and form a matrix round which 
the lime mortar could form a film as with 
sand; whether the lime was ground or 
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previously reduced to powder by slaking, 
itis questionable if the cement might not 
give an excess of alumina to the compound, 
and thus render it liable to contraction 
and the work to uneven settlement. Un- 
fortunately, sufficient data are not at the 
author’s disposal to enable him to give 
opinions with confidence, but those stated 
are to some extent borne out by the 
author’s experiments, and by the fact that 
on the destruction of the chimney with 
gun-cotton, a portion, 5 feet in height, was 
blown away and every brick parted. 

“Ah! you cannot make mortar or con- 
struct works as the Romans used to do,” 
is an exclamation with which those en- 
gaged in construction are more or less 
familiar. Nevertheless, it is an erroneous 
conclusion, founded by the comparison of 
their work with the flimsy structures put 
up by speculative builders in the cheapest 
and worst possible manner. But when 
their works are compared with such as 
those of Mr. John Fowler, whose Metro- 
politan brickwork cost more to pull down 
than it did to erect, and their mortar with 
such as that employed by the engineer to 
the Mersey Harbor Board, their doings 


sink into insignificance; for this mortar, 
when six months old, sustains nearly the 
same tensile strain as the highest result of 
tests with Roman mortar taken from the 
South of France and recorded by Vicat, 
the average result of experiments with 
these two mortars being nearly two to one 


in favor of the former. And the author 
has been called upon to test and report on 
lime mortar which has at the age of six 
months sustained a tensile strain twice 
greater than that of the highest result 
above referred to, which was taken from 
the Tour Magna and had centuries of 
time to its advantage. Too much care 
cannot be exercised in ascertaining the 
proper proportions of lime, sand, and 
other ingredients. It is a peculiar circum- 
stance that the better and more hydraulic a 
lime the less sand it will take up when made 
into mortar. Blue lias, among the most 
hydraulic and strongest natural limes to be 
found in England, like our artificial and 
natural cements, is completely spoiled by an 
excess of sand. To prove this, bricks were 
bedded in the manner previously described, 
with blue lias and common grey stone lime 
mortars, mixed in the proportion of one 
lime to four of sand, and at the age of three 
months required respectively 140 lbs. and 





336 Ibs. to tear them asunder. Had the 
proportions of lime to sand been one to two 
the results would in all probability been 
more than reversed. Blue lias is obtained 
in Somerset, Dorset, Glamorgan and War- 
wickshire. The following is an analysis, 
made by Professor Daniells, of blue lias 
found in the last mentioned county: Car- 
bonate of lime, 87.2 per cent. ; carbonate of 
magnesia, 1. per cent. ; silica, 5.5 per cent.; 
oxide of iron, 0.5 per cent.; alumina 2.0 
per cent. ; bitumen and water, 3.4 per cent.; 
total, 100.0 per cent. The cost of this lime, 
delivered in London in December, 1873, 
was 25s. per ton when ground, in which 
state it is usually used, being somewhat 
troublesome to slake when in the lump, 
and unless the mortar is mixed in a mill, 
or thoroughly slaked, it is difficult to han- 
dle, as it will begin to set in ten or fifteen 
minutes—not a desirable property unless in 
the case of hydraulic construction, where 
it is invaluable ; the mill keeping the mix- 
ture in motion, will do away with these 
very quick-setting properties without in the 
least damaging its ultimate strength or hy- 
draulic qualities. The brickwork of the 
Metropolitan Railway was made with mor- 
tar composed of this lime,ground in a mill for 
from fifteen to twenty minutes; and it is only 
fair to the proprietors of the lime-works to 
say that in the destruction of the work only 
a short time after its erection, the bricks as 
often broke through themselves as through 
the mortar-joints. 

In no material of construction is the ig- 
norance of the “ practical man” more man- 
ifest than in his treatment of mortar. He 
will often argue that since it is advisable to 
“sour” lime for the purpose of the in- 
terior decoration of houses, that therefore 
it should be so treated for all other work, 
forgetting, or not knowing, that by this 
means its indurating properties are much, 
if not quite impaired ; but had he the sense 
to know and admit his ignorance, he would 
only prove himself to be little behind the 
most experienced and learned men on the 
subject, for sound conclusions cannot be 
formed without analyzing the properties of 
the lime, sand and other materials of which 
the mortar iscomposed. The study of the 
question in this manner yielding no imme- 
diate returns, is quite beneath the “ practi- 
cal” man’s consideration. 

Whether lime is to be used for mortar or 
concrete, it should, in the author’s opinion, 
have time to slake before being put in place, 
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and if ground lias or other eminently hy- ‘link; so also the strength of brickwork 
draulic lime, a good practice is to spread it | subjected to tensile strains is in its mortar. 
under a shed the night before it is intended | In conclusion, the author would advocate 
for use, and so slake it by the moisture of a thorough study of details, as it is only by 
the night air. | their mastery that one can hope to attain 


It must always be borne in mini that | eminence or position in any profession or 
the strength of a chain is in its weakest | trade. 





THE PHILOSOPHY OF WELDING. 


By W. MATTIEU WILLIAMS, F. R.A. 5., F.C. 8. 


From “* 


In the address of M. Jordan, President 
of the “Société des Ingenieurs” delivered 
at the annual meeting of the society in 
Paris, and reporter in Inoy, pp. 650 and 
679, a novel explanation of the welding of 
iron is offered. M. Jordan says that weld- 
ing “is a phenomenon exactly similar” to 
the regelation of water, the phenomena of 
regelation being these, that if two or more 
pieces of ice at a temperature not lower 
than their melting point, or preferably at 
a temperature much higher than their 
melting point, be pressed together, the 
liquid water adhering to their melting sur- 
face becomes solid at the places of contact, 
and thus the two pieces are refrozen into 
one. 





Iron,” 


mary condition for the cohesion of two 
pieces of ice by regelation is that they 
shall be exposed to a temperature above, 
or at least, not below, their melting point. 
In order that regelation should be analo- 
gous to welding, it should take place at a 
temperature far below the freezing point. 
Now it is well known that under such cir- 
cumstances regelation does not and cannot 
occur, and therefore it differs essentially 
and primarily from welding. 

If it had been discovered that two or 
more pieces of iron, while in a furnace, 
raised above their melting point and 
streaming into fusion, would cohere when 
pressed together, and that this cohesion 


M. Jordan very aptly illustrates the | resulted from the solidification of their 


phenomena of regelation by the making of! liquid surfaces, in spite of the melting 


& snowball, telling us that this may be 
done “ when snow is at a temperature not 
lower than 0. deg. centigrade, i.e., the 
freezing point of water. Every man who 
has been a boy will confirm this, and re- 
member that when the snow was very dry, 
and the temperature of the air below the 


freezing point, the snow-flakes would not co- | 
here without the aid of much pressure and | 
warmth from the hand, but that with slop- | 


by snow during a thaw, he could make a 
ard icy snowball with ease. M. Jordan 
compares the making of the snowball by 
the children with the welding of the iron- 
ball by the puddler, maintains that the 


rocesses are identical, and applies Sir W. | 


hompson’s rather recondite explanation of 


regelation to the cases of iron and plati- | 
| this explanation is increased by the fact 


num welding. 


It appears to me that this explanation is | 


fallacious, as the conditions of solidifica- 
tion in the two cases are not only by no 
means alike, but are diametrically opposite, 
the welding of both iron and platinum be- 


ing effected at a temperature considerably | 


below their melting point, while the pri- 


heat of the furnace, we should then have 
an analogy with the regelation of melting 
ice, and M. Jordan’s conclusions would be 
justified. Regelation means the resolidi- 
fying of a liquid, or a special cohesion in 
spite of liquidity, welding means a special 
cohesion in spite of solidity, or apparent 
solidity. If M. Jordan had described them 
as examples of curiously opposite actions 
the comparison would have been more 
nearly correct. We might plausibly as- 
sume that, while the pressing together of 
two pieces of wet ice produces a solidifica- 
tion of the surface liquid, the pressing to- 
gether of two pieces of heated iron has the 
opposite effect of momentarily liquefying 
the surfaces of contact, and thereby solder- 
ing them together. The plausibility of 


that pressure develops heat, and thus the 
welding heat might, at the surface of con- 
tact, be momentarily raised to the fusing 
point, and then, on the removal of the 
pressure this liquid film might solidify and 
thus produce the welding cohesion. But 
even this theory is, in my opinion, too 
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learned. A far simpler explanation may 
be found, and we must never forget that 
when two or more explanations equally fit 
a given set of facts, the simplest is the best, 
and usually the true one. 

In order to find a true analogy to weld- 
ing we need go no further than the vulgar 
“sticking together” of two pieces of cob- 
bler’s wax, pitch, putty,or clay. These 
are in a viscous or semi-fluid condition, and 
they cohere by an action similar to the 
transfusion or intermingling and uniting 
of two liquids. Iron and platinum pass 
through a viscous or pasty stage on their 
way from the solid to the liquid states, and 
the temperature at which this pasty condi- 
tion occurs is the welding heat. Other metals 
are not weldable, because they pass too sud- 
denly from the solid to the liquid condition. 
Ice, although it fuses so slowly, in conse- 
quence of the great amount of heat ren- 
dered latent in the act of fusion, passes at 
once from the state of a brittle crystalline 
solid to that of a perfect liquid. It passes 
through no intermediate pasty stage, and 
therefore is not weldable, or does not co- 
here like iron, etc., at a temperature below 
its fusing point. 

It is usual to cite only iron and platinum, 
or iron, platinum and gold as weldable sub- 
stances, but this, I think, is not correct. Lead 
should be included as a welable metal. The 
two halves of a newly-cut leaden bullet may 
be made toreunite by pressure, even when 
quite cold. This is obviously due to the 
softness or viscosity of this metal. 

Outside of the metals there is a multi- 





tude of weldable substances. I may take 
glass as a typical example of these. Its 
weldability depends upon the viscosity it 
assumes at a bright red heat, and the glass 
maker largely uses this property. When 
he attaches the handle to a claret jug, or 
joins the stem of a wine-glass to its cup, he 
performs a true welding process. 

The chief practical difficulty in welding 
iron arises from the fact that at the weld- 
ing heat it is liable to oxidation, and the 
oxide of iron is not viscous like the metal- 
lic iron. To remedy this oxidation the 
workman uses sand, which combines with 
the oxide and forms a fusible silicate. If 
he is a good workman he does not depend 
upon the solidification of this film of sili- 
cate, as the adhesion thus obtained would 
be merely a soldering with brittle glass, 
and such work would readily separate 
when subject to vibratory violence. He 
therefore beats or squeezes the surfaces to- 
gether with sufficient force to drive out 
from between them all the liquid silicate, 
and thus he secures a true annealing or 
actual union of pure metallic surfaces. 

Cast iron or steel containing more than 
two per cent. of carbon cannot be welded. 
Why? I think I may venture to reply to 
this oft-repeated question by stating that 
the compound of iron with so much car- 
bon is much more fusible than pure iron, 
or than steel with less carbon, and that it 
runs more suddenly or directly from the 
solid state into that of a liquid, and hence 
presents no workable range of welduble 
viscosity. 





HYDRAULIC VALVES.* 


From “ Engineering.” 


ON VALVES SUITABLE FOR WORKING HYDRAULIC 
MACHINERY. 

Since hydraulic power is now so exten- 
sively made use of in iron and steel works 
for a variety of purposes, any improve- 
ments in the machinery necessary to apply 
this power must be welcome to many mem- 
bers of this Institute, particularly if these 
improvements tend not only to facilitate 
the working, but also to reduce wear and 
tear and consequent frequent repairs, re- 
newals and stoppages. 





* Paper read be‘ore the Iron and Steel Institute at Barrow. 
By Mr. Robert Luthy. 


Making the joints of pipes and other 
stationary parts present few difficulties, 
the packings of the glands for rams and pis- 
ton rods and the packings for pistons require 
more attention, because, if these are bad 
they will cause a greater amount of fric- 
tion than is necessary to secure tightness, 
or they will be the constant source of leak- 
age. The self-tightening leather collars 
and leather cups are up to the present 
time the only reliable packing for water 
under high pressure, but for pressures up 
to, say, 500 lbs. per square inch several 





other kinds of packing seem to answer 
well; but the parts to which this paper is 
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that in order to work them by hand, a 
very great leverage has to be employed, 
and this prevents the valves being opened 
or closed quickly enough. 

Mitred plug valves are used in some 


particularly intended to draw your atten- 
tion are the distributing valves or cocks re- | 
quired to work the different hydraulic ap- | 
paratus. Some of these valves have to be | 
of considerable size in order to give the 
proper speed to the machinery ; for the tip- | places; they are opened or closed either by 
ping cylinders of Bessemer converters their | a screw cut on the spindle itself and work- 
ports are usually made proportionate to | ing in a nut, or they are held on their faces 
ipes of 2 inch bore, and for the centre- | by weighted levers which have to be raised 
a cennes they are even larger. The | for opening; separate valves have to be 
valves for the tipping cylinders have four | used for inlet and outlet, which makes the 
ways, and those for cranes and hoists| arrangement complicated and expensive, 
usually only three. As the water from | and it requires a great deal of room. 
the pumps is generally stored up in an ac-| All the valves above described have me- 
cumulator, it is necessary that all the | tallic surfaces, and as the stationary face is 
valves be so constructed that there can be | generally in one piece with the body of 
no direct communication between the pres- | the valve and with the connecting branches, 
sure and the exhaust sides in any position | considerable stoppages are caused in grind- 
of the valves, i. ¢., they must have suffi-| ing or otherwise trueing-up the surfaces 
cient ‘‘ lap” to prevent loss of water. The | from time to time, and when the faces are 
valve faces have to be held together with | worn away, the principal body of the valve 
sufficient pressure to keep the valves tight, | or cock has to be replaced at a considera- 


and this causes considerable friction. 
In earlier arrangements of Bessemer | 
plant, taper brass cocks were almost exclu- 
sively used. The plugs of the cocks for | 
the tipping cylinders having a medium di- | 
ameter of 3 inches, were worked by a 
handwheel 24 inches in diameter, with in- 
termediate gearing proportioned 1 to 4, 
thus making a total leverage of 1 to 32. To 
keep these cocks moderately tight, even 
when newly ground in, the plugs have to 
be screwed down so much that it takes 
aconsiderable pressure of both hands ap- 
plied to the wheel to turnthem. It is im- 
— to keep taper cocks tight for any 
ength of time, owing to the difference in 
the space through which the top and bot- 
tom parts of the plug have to travel. 
Valves have also been introduced in 
which the ports are disposed in a circle on 
a flat surface, and having a disc with recess- 
es in the under side working radially upon 
the stationary face to bring the pressure 
and waste ports alternately into communi- 
cation with the front or back end of the 
hydraulic cylinder. These valves are open 
to the same objection as all others having 
an oscillating or a revolving motion, with 
surfaces exposed to wear by friction at dif- 
ferent distances from the centre of motion. 
Brass slide valves of the usual D pattern, 
similar to steam engine slide valves, do 
very well for smaller sizes, and if their 
working surfaces are made of hard metal 
they last a considerable time; but for 








larger sizes the friction becomes so great, 


ble expense. 

Valves have been introduced in which 
the peculiar properties of the leather col- 
lars for making hydraulic joints have been 
applied to the best advantage. The body 
of the valve is bored and cored out so as to 
form chambers communicating with the in- 
let and outlet pipes and with the pipes for the 
crane or press cylinder. The ram or slide 


/is turned to fit the smaller bore of the 


valve, and has recesses turned in it to form 
annular passages for the water, and carries 
leather collars, the outer lips of which work 
against the bored part of the valve. Inside 
the valve there are also stationary leather 
collars, whose inner lips make the joint 
against the larger portions of the ram. The 
leathers and recesses of the valve and of the 
ram are so divided that in one position of 
the latter its larger portions are within the 
stationary leathers, and its movable leathers 
within the smaller portions of the valve, 
thus preventing any communication be- 
tween any two adjoining chambers; in a 
second position of the ram or slide, its re- 
duced portions come opposite the stationary 
leathers, and thus leave an annular pas- 
sage for the water from the inlet chamber 
to the chamber in communication with the 
cylinder; in a third position, the communi- 
cation between the inlet chamber and the 
cylinder is again closed, and the leather on 
the ram is drawn within the chamber com- 
municating with the cylinder, and thus al- 
lows the water from the latter to pass into 
the outlet or waste chamber. 
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In valves for double-acting cylinders, the 
leathers and recesses are so arranged that 
one end of the cylinder is in communica- 
tion with the pressure and the other end 
with the waste at the same time. The 
pressure on the ram in these valves is bal- 
anced in every direction, and in moving it, 
only the friction of the leathers has to be 
overcome. As some of the leathers work 
against the body of the valve, it is neces- 
sary that this, as well as the ram, are made 
of brass to obviate corrosion, which would 
materially increase the friction and cause 
the leathers, as well as the valve itself, to 
be quickly worn out. The ram has also to 
be made in parts screwed together, in order 
to secure the moving leathers. 

With the view of making the body of 
the valve of iron, removing all the friction 
from the same and limiting it to the ram, 
making all the leathers stationary and of 
uniform size, and the ram in one piece and 
of such construction that it limits its stroke, 
and that, after removing the top gland bolt 
nuts, the gland and all the leathers can be 
withdrawn at one operation with the ram 
and quickly replaced, the author of this 
ard has designed the valve represented 

y the two illustrations exhibited. One of 
these is a full-size drawing of a double-ac- 
ting valve, suitable for working the tipping 
cylinder of a Bessemer converter, and 
adapted to take the place of the original 
four-way cock on the distributing box at 
present in use in most Bessemer works. 
On each side of the slide valve a mitre stop 
valve is introduced, so that the water can 
be shut off from the pressure and waste 
pipes, when the leathers in the valve or in 
the tipping cylinder have to be changed, or 
any repairs done in the connections between 
the main range and one vessel, without in- 
terfering with the working of the other 
vessels or the rest of the hydraulic machin- 
ery connected with the same main ranges of 
pipes. This provision has great advanta- 
ges, and should be made for each separate 
apparatus. 

The valve box is made of cast iron, and 
has branches for inlet, outlet, and for the 
pipes leading to the front and back end of 
the tipping cylinder. It is bored out uni- 
formly down to the shoulder on which the 
brass ring supporting the leathers and the 
distance ferrules for the same, rest, and is 
fitted at each end with a gland through 
which the ram passes. The brass distance 
rings fit easily in the box, are bored to fit 


the ram, and turned on their ends to fit the 
concave and convex parts of the leathers as 
required. Their central portions are cored 
out larger to give sufficient passage for the 
water to pass all round the ram, and they 
have portholes to their sides to correspond 
with the branch openings in the box. The 
whole of the leathers and rings are firmly 
held in their places by the top gland, 
which is pa down upon the common 
packing at the top. The ram, which is 
east of hard bronze, is divided into a num- 
ber of cylindrical pieces, connected by 
feathers or ribs of a cross section, forming 
passages for the water. The working por- 
tion of the ram is turned to an uniform diam- 
eter to fit inside the rings, and the r bs at 
the lower portion project a little, and form 
stops to limit the stroke of the ram by but- 
ting against the lower brass ring and the 
bottom of the lowest chamber when the 
ram is moved up or down. These projec- 
tions serve also for withdrawing the whole 
of the rings and leathers with the ram 
when the gland bolt nuts are removed. 
The edges of the cylindrical portions are 
rounded off so that they may enter the 
leathers easily. When the ram is in its 
central position, the solid portions are 
within every leather collar, and the valve is 
thus divided into five compartments. The 
water under pressure is in the central or 
inlet chamber, and cannot pass into the 
chambers on each side of it which are in 
connection with the front and back-end of 
the tipping cylinder respectively, as the lips 
of the leather collars are turned towards 
the centre and make perfect joints with 
the ram as well as with the sides of the 
box The top and bottom chambers are 
connected by a passage at the side of the 
box with the outlet branch. When the 
ram is moved down into the position 
shown on the drawing, the water is admit- 
ted to the back of the cylinder through the 
openings formed between the ribs of the 
ram and the interior of the leather, at the 
same time a similar communication is es- 
tablished between the two upper chambers, 
letting the water from the front of the cyl- 
inder into the waste-pipe. When the ram 
is moved into its highest position, the pres- 
sure will be admitted to the front of the 
cylinder, and the back will be open to the 
waste pipe. As the cylindrical part of the 
ram enters the top and bottom leathers 
from the inner or open side, the lip is 





| protected from being cut off by being held 
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back and secured in a groove, turned out 
of the brass ring, so that only about one- 
eighth part of an inch of the depth of the 
leather is free to make the joint with the 
ram. For the two inner leathers, this is 
not necessary, as the ram enters them from 
the back or round side ; their lips are pro- 
tacted, however, from being bent in too 
much by the passing water, by lips in the 
central ring. A few small holes are drilled 
through the sides of the brass rings to ad- 
mit the water to the inside of the leathers. 
To insure the brass rings being put into 
the box with their ports exactly opposite 
the corresponding ports in the box, a shal- 
low groove is slotted down one side of the 
interior of the latter, and corresponding 
pieces to fit this groove are brazed to the oui- 
side of the brass rings. To prevent corrosion 
of the inside of the box it is coated with a 
thin layer of copper, deposited by galvanic 
process. With a single cranked lever of one 
to twelve, a lad can work the valve with 
great ease. Where there is very little 
pressure in the waste-pipes, it is not neces- 
sary to carry the ram through the bottom 
of the valve, as shown on the drawing, a 
slight back pressure not being able to move 


the ram upwards, by overcoming the fric- 





tion of the leathers and the weight of the 
ram. 

The second drawing shows a smaller 
and single-acting valve, fitted to an ingot 
crane. The water enters the top chamber; 
the central chamber is in connection with 
the crane, and the lower chamber with the 
waste-pipe. Part of the ram is here shown 
simply turned smaller for the p:ssage of 
the water to the cylinder; the lower pas- 
sage in the ram, however, is again shown 
with ribs of a cruciform section and the 
projection stops. 

It will be observed that there is a leather- 
cup instead of a collar at the bottom of this 
valve as for ingot cranes or reversing gear 
cylinders, where the load has never to 
stand in a fixed position for any length of 
time, a good fit of the brass rings on the 
ram is sufficient to make that joint. 

Many of thes: valves have already been 
applied to converters, centre-ladle cranes, 
lifts, reversing gear for rail mills, and press- 
es for the manufacture of tuyeres for 
converters, and they all give great satisfac- 
tion. The leathers last a very long time, 
and if a valve has to be examined, or fresh 
leatherg put in, it can be done in a few min- 
utes. 





HEAT AND ITS RELATION TO CONSTRUCTION. 


From “ The Building News.” 


Heat plays an important part in the 
economy of construction, and yet its effects 
are generally unheeded. Light and sound 
are readily discoverable by our eyes and 
ears, and therefore have received some at- 
tention on the part of architects and others 
interested in public assembly-rooms and 
halls. On the contrary, heat is a condi- 
tion not so palpably perceived; and grada- 
tions of heat are still less evident, therefore 
we are dependent, to a great extent, on the 
aids which thermometry affords. We are 


not concerned here in discussing the theo- | 
| contraction, it becomes a matter of some 
| interest to consider what antagonistic for- 


ries of heat, whether it be considered as a 
subtile form of matter, or caloric, as the 
“emission” theorists maintained, or wheth- 
er it be simply the undulation of an impon- 


derable elastic ether pervading space, and | 
which physicists have now called the “‘ Dy- | 


namical theory,” or a “mode of motion.” 
The able investigations of Drs. Tyndall 
and Joule, and others have shown “ heat ” 
and “power” to be convertible terms. 


The effects of friction, percussion, chemical 
action, all tend to establish the vibratory 
nature of heat, and to place it upon as se- 
cure a footing as the undulatory theory 
of light. 

We propose here to indicate some of the 
common effects of heat in construction, and 
to show the disarrangements that may 
take place by great changes of temperature 
upon materials of different kinds, densities, 
and degrees of conductivity. As buildings 
are seldom composed of homogeneous sub- 
stances of equable rates of expansion or 


ces are called into exercise by the combina- 
tion of iron, stones, timber, &c., which are 
usually rigidly connected with each other, 
and how far these forces may, in course of 
time, or during a fire, impair the efficiency 
of construction, or the stability of the struc- 
ture. 

The expansion of metals is one of the most 
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serious questions connected with struc- 
tures, and is often instrumental in disloca- 
ting bearing parts of a building, and weak- 
ening the entire fabric. We have latterly 
recorded in these pages several instances 
in which iron employed in girders and col- 
umns, both cast and wrought, has aided 
rather than averted the destructive action 
of fire and heat. In large warehouses in 
which iron girders form a complete net- 
work or frame within the brick or stone 
shell, the effect of any combustible mater- 
ial taking fire is to immediately cause such 
an expansion and pushing out of the walls 
that this disturbance alone becomes more 
thoroughly destructive than the ultimate 
power of the flames. The alternate action 
on such a build ng is first to push asunder 
the walls, and thereby di-locate all bear- 
ings, and then the same girdering or 
framework, becoming red hot, bends itself 
under the weight of floors or roofs, and 
either draws together again the walls, or 
what is most commonly the case, leaves its 
bearings and falls bodily inwards, to the 
total destruction of all internal parts. It 
is this double action which takes place in a 
fire that places iron in the unenviable posi- 
tion of a destructive agent, rather than as 
a resisting one. It is somewhat surprising 
that architects and engineers so frequently 
neglect this expansibility of metai in gir- 
ders, ribs, columns, &c., and provide no 
means for their free movement. Some- 
times, it is true, the bearings of long gir- 
ders in bridges are made of sufficient 
depth to allow for this increase of length ; 
but even in these cases the mere weight of 
iron and superincumbent loads upoa the 
points of support render the intended re- 
sult nugatory, the weight of the iron gir- 
der alone often crexting so much friction 
on the bearing surfaces as to overcome the 
rigidity of the supporting piers or walls, or 
the cohesion of mortar at certain points. 
This immovability of the ends of iron gir- 
ders and joists is often increased by their 
being clenched or fixed by the weight of 
wall above, which often improperly is al- 
lowed to bear upon the top flanges. 

To obviate this, engineers have contrived 
movable bearings more or less effective. 
One simple method we would suggest. Let 
each template be of cast iron ot sufficient 
substance and bearing surface, and let it be 
placed upon an under template of stone or 
metal, the surfaces being either left smooth 


simply or brought into contact by a friction 








roller of small diameter, and of the length 
of the bearing surface. By this means free 
dilatation could take place, provided, of 
course, the ends of girders are left a free 
space of sufficient distance. No weight 
should be allowed to rest upon the ends of 
these beams, but in all cases the bearings 
should be free all round, and may be made 
as cast-iron sockets, built into the wall, or 
standing out independently. 

The linear expansion a bar of iron under- 
goes when heated from the freezing to the 
boiling point, or from 32 dey. to 212 deg. 
Fahrenheit, is about one 812th of its 
length ; at higher temperatures the elonga- 
tion becomes more rapid. ‘Thus the pro- 
gressive dilatation of wrought iron, as de- 
termined by Danie!i’s pyrometer, allowing 
one million parts at 62 deg. is as follows : 








At 212°. 


At 662°. | At fusing point. 





1,018,378 


ee RR 
1,000,984 | 


1,004,483 | 





Cast iron is rather less. 

It may be mentioned here that the expan- 
sions of volume and surface are calculated 
by taking the linear expansion as the unit, 
following a geometrical law, thus the su- 
perficial expansion is twice the linear; and 
the cubic expansion three times the linear. 

These figures show how sensible a change 
takes place when iron undergoes an or- 
dinary variation of temperature; and it 
may be said that in all ordinary cases of 
building this change is quite sufficient to 
cause serious disruptions of parts. Thus a 
bar or beam of even 10 feet long and sub- 
ject to an ordinary change of temperature, 
say from 32 deg. to 180 deg., will elongate 
more than }th of an inch—a sufficient mod- 
icum to cause fracture to stonework, to 
snap the thread of a screw, or to endanger 
a bridge floor or roof truss. When we think 
of lengths ten and even a hundred times this 
dimension, the danger of uncompensated 
expansion or cpntraction is increased a 
thousand-fuld. In ordinary cases the mar- 
gin of safety is really dependent upon thie 
amount of flexibility or elasticity of the 
parts of a building connected with iron, or 
to imperfection of joints; yet we should 
not rest satisfied with such presumptive se- 
curity. 

It would appear that the most promising 
mode of using iron is in combiuing it with 
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concrete, brickwork, and other materials; 
but it appears to us such a combination 
would be still be more advantageous if the 
iron were completely imbedded or encased 
in such materials. Thus the “ Dennett 
Arch” offers an example of a compact 
mass of concrete and iron, the girders be- 


_ing surrounded by the concrete spandrels 


of arching ; there are also other systems of 
fire-proof construction (e. g. Hornblower’s) 
in which the rolled iron joists are complete- 
ly imbedded and ceiled underneath, and 
which seem to insure the desired requi- 
sites, and which do not expose any consid- 
erable surface of metal underneath. 

It becomes a serious question, then, how 
far may iron be used in the construction of 
floors and roofs without its endangering 
the actually stability of a building? Or to 
what extent can iron be used in conjunc- 
tion with other meterials ? 

Now, these questions turn upon the pos- 
sibility of rendering iron less liable to the 
direct action of fire or heat. Metals are, 
we all know, the best conductors of heat. 
Physicists tell us the reason, viz., because 
their internal structure is homogeneous 
and uniform; the particles are in close con- 
tact ; and the vibratory or molecular move- 


ment w. ich sets the heat waves in motion: 


is, therefore, regular. All substances 
which cannot transmit molecular motion 
readily are bad conductors. Now, it is 
evident that, if we can combine these two 
Opposite qualities in such a way as will 
neutralize or destroy the direct action of 
heat, and, at the same time, without un- 
duly in: reasing the bulk of our floors and 
metallic framework, the great problem of 
how best to utilize iron in construction will 
besolved. It appears that there are some 
substances particularly bad conductors of 
heat; such are brick-earth, composed of a 
variety of bodies and porous; porcelain, 
asbestos, pumice-stone, charcoal, sand, &c. 
These substances are, in fact, such bad 
conductors that a red hot iron bali may be 
held some time in the hand if it be first 
coated with one of them. Such materiais 
ofier themselves as coverings for iron gir- 
ders, columns, &c., and we do not see why 
compound materials of a porous kind, as 
animal charcoxl and plaster, should not 
be applied to such ironwork in situ by first 
filleting the girder or column, or surround- 
ing it with a perforated plating of thin 
earthenware or metal on which to lay the 
coating, which could be run as moulded 





work or finished ornamentally. A lining 
or casing of such materials moulded to the 
form of the iron to be protected could also 
easily be prepared in cast blocks, rebated 
or grooved together, the external facing be- 
ing moulded to any section. We do not 
know of any such preparation, but we 
throw out the suggestion to manufacturers. 

Animal charcoal should be one of the in- 
gredients in the compound used, as it is 
one of the worst known conductors. Fire- 
clay lumps could be well treated in this 
manner, or plastering—which materials 
have been suggested lately. Some success 
has attended the experimental testing of 
girders and columns cased in plaster and 
cement, the particulars of which appeared 
in the “ Building News” some time since. A 
week or two since, the fireproof construc- 
tion adopted at the National Safe Deposit 
Company’s premises underwent a severe 
trial at the works of Messrs. Easton & An- 
derson, Erith, an experimental beam, cased 
in fireclay lumps, and coated with plaster- 
ing, being subjected tc the action of a contin- 
uous flame for one and a half hours, and to 
a smoldering heat for twenty-four hours. 
The floor thus subjected formed the top of 
the furnace, and was composed of two 
brick arches supported upon an iron girder 
cased as above, and was loaded to an equiv- 
alent distributed load of 3 cwt. to the su- 
per. foot. A deflection of 3-16 inch in cen- 
tre took place. In about an hour after 
exposure to the fire, the plaster coating 
cracked, and came off in pieces; and the 
deflection increased for some hours after 
the fire was reduced till it reached 1 inch 
and 3-16 th, after which it diminished, and 
when the fire was extinguished by a stream 
of water and the load removed a deflection 
of 3-8 inch remained. The detlection, how- 
ever, gradually diminished, and the girder 
eventually regained its straightness. The 
fireclay reached a red-heat, but was found 
afterwards precisely as when put on, 
“quite uninjured,” though some part of 
the brick side of furnace was forced by the 
heat out of the perpendicular, possibly by 
the thrust of the arches. 

This experiment has successfully proved 
that iron protected with fireclay can with- 
stand a fierce heat and yet remain unin- 
jured in its elasticity, while the brick arch- 
ing and concrete backing can resist any 
amount of heat likely to occur. We think 
if an air-space were left between such cas- 
ing and the iron, it would provide a still 
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more effectu! barrier, though a few per- 
forations would be required in the casing | 
to allow the heated and expanded air to, 
escape. If, also, brick-earth mixed with | 
charcoal we:e used, a still more effectual | 
non-conducting casing would be obtained, | 
and the iron would be comparatively pre- 
served at a muderate temperature. By 
thus encasing a good conductor of heat in | 


obviate the inconveniences arising from 
condensation. Space prevents our consid- 
eration of this and other effects of heat, 
which we may leave to another article ; in 
in the mean time, however, we hope to find 
the promoters of the Amended Metroplitan 
Buildings Bill will consider the importance 
of casing iron likely to be exposed to fire, 
and the desirability of preserving powers to 


a bad one, the evils of expansion and| enforce the employment of fire-resisting 
contraction are avoided, or considerably | and non-conducting materials ; to regulate 
lessened, and we are thus left the advan-| thickness of walls in warehouses, their 
tage of using in our construct.on a materi- | horizontal and vertical division, and also to 
al which may aptly be called a “ good ser- | insist upon means of compensating for the 
vant but a bad master.” expansion of iron under heat, and general- 

Not only would non-conductive coverings | ly to exercise control in the arrangement 
act as protectors from heat, but they would | of inflammable buildings. 





PRACTICAL IRONWORK. 


From “‘ Engineering.” 


In offering the following remarks on | charge, when the sum of the sides does not 
practical ironwork to the consideration of | exceed 8 in. or 9 in.; with larger sections, 
a meeting of members of one or more|such as H-iron, having a depth of about 
grades of this great Institution, of which | 12 in., the cost will be something over 20 
the author is proud to be a student, no time | per cent. more than for T or L irons, com- 


will be wasted by prefatory detail; but as | plying with the above conditions. In the 
all present are more or less familiar with | same way an extra price is generally paid 
the subject, it will simply be assumed that | for bars exceeding 6 in., although up to 8 
the skeleton of an iron structure has been | in. or 9 in. it is not excessive, and they can 


} 


decided upon, and the strains ascertained | be obtained from some mauufacturers up to 
to which each of its members are to be sub- 12 in. in width. 
jected, and the purpose of this paper will| It is in dealing with plates that the term 
be to investigate the practical considera- |“ extra” must always be kept in view, as 
tions affecting its design, strength and | by bad designing the cost of the iron may 
construction. be nearly doubled. A plate to cost the or- 
No attempt will therefore be made to de- | dinary market price must be under 4 cwt. 
lineate the process by which these strains | in weight, 15 ft. in length, 4 ft. in width, 
have been arrived at, as that portion of the and must not be of irregular shape. In 
subject can only be mastered by deep and | order to better illustrate this point, a plate 
patient study of existing structures and | 15 ft. by 5 ft., 1 in. by 3 in. may be taken 
standard works on the subject. as an example, and the extra charges, ac- 
In apportioning the proper amount of | cording to formal tender made in 1873, by 
metal to meet the strain, the first care should a first-class firm for ‘Best crown boiler 
be to employ as nearly as possible only iron | plates,” will be: 
of the economical sections, weights and 
lengths to be obtained in the iron market ; 
points not unfrequently overlooked. For 
instance, L-irons 4 in. by 4 in. by } in. can 
be obtained in lengths of 30 ft. without 
extra cost, and they are sometimes rolled 
at an additional cost to 40 ft. in length. 
At the Vienna Exhibition a Z-section of| The price for iron by this tender com- 
rolled iron was exhibited 85 ft. in length. | plying with the previously mentioned con- 
L’s and T’s, and similar sections can be | ditions was £19. 10s., to which this extra 
obtained in moderate lengths without extra ' charge must be added, bringing it up to £39 


£ s. 
12 0 per ton. 
0 0 “ 
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per ton, or nearly double the cost of ordin- 
ary plates. 

These considerations must be attended 
to in designing buckled, corrugated or other 
manufactured forms of plates, as, if they 
require to be made from iron on which 
“extras” are charged, their cost will neces- 
sarily be enhanced. 

At the Vienna Exhibition plates were 
exhibited 52 ft. 6 in by 5 ft. 3 in. by 63 in. 
and 48 ft. 7 in. by 4 ft. 2 in. by 1.23 in., 
weighing 3 and 4} tons respectively; these 
were of course exceptional and very costly 
plates. 

The “extras” for plates do not become 
very considerable until a weight of 7 ewt. 
is exceeded, and a width of 4 ft. 6 in.; but 
when the width of 5 ft. is reached, the ex- 
tra is charged per inch, and by the tender 
before referred to it amounts to 10s. per 
inch per ton, in addition to £3 charged ex- 
tra for a width of 5 ft. 

A long plate becomes expensive on ac- 
count of the difficulty in handling it, and 
the great care required to be exercised in 
putting it through the rolls, in order to 
avoid making it of irregular shape, in 
which case there is a large amount of waste 
in cutting the plate to the required length 
and area, and sometimes it becomes what is 
technically termed a “ waster,” which has 
to be thrown aside; to cover these con- 
tingencies, much larger “ blooms” have to 
be made. 

Contractors have sometimes to tender for 
ironwork when the designs contain mavy of 
these irregular lengths and dimension-; it 
then becomes necessary for them to estimate 
the probability of the conditions of the de- 
sign being enforced, not always an easy 
matter; but when the reason for the em- 
ployment of extra iron is obvious, they 
tender accordingly. Occasionally designs 
exhihiting a total ignorance of ironwork 
come into the contractor’s hands, in which 
case estimating becomes very difficult, and 
to be on the safe side, a large percentage 
must be put on to cover contingencies. 

The contractor can generally estimate 
the quality of the work which will suffice 
by the workmaalike style or otherwise in 
which the drawings and specifications are 
made out. 

Angle-iron bends and joggles should be 
as few and simple as possible, and bent or 
cut plates should be few and far between 

T-stiffeners to the web of a plate-girder, 
if splayed out clear of the angle-iron, will 
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cost about ha!f as much for smithing as 
when required to fit close round them, and 
will answer their purpose equally well; 
where the flanges are too narrow to admit 
of four rows of rivets being put through at 
one cross-section, this form of stiffener can- 
not be used ; where the flange requires only 
two rows of rivets, but is of sufficient width 
to admit of two additional rivets, the stiff- 
eners can be generally so arranged that these 
rivets shall in no way affect the strength of 
the girder, as owing to the unvarying 
thickness of plates there is always an ex- 
cess of strength in the flanges of a plate- 
girder at points not very far distant, and it 
is here that the stiffeners should be placed. 

The harassing little, but still most im- 
portant rivets, should be carefully con- 
sidered, as it is on them that the whole 
strength of the structure depends—no 
amount of extra metal in the body of a tie 
can compensate for a badly constructed 
joint. The anthor would advise careful 
consideration of the position, diameter, and 
pitch of every rivet previous to placing the 
design before contractors, as carelessness or 
ignorance on this point at once indicates 
the amateur designer, who is often led 
astray by the facility with which he can or- 
nament his drawings with these little cir- 
cles or red crosses. 

Drawings of ironwork should be as com- 
plete as it is possible to make them, free 
from all ambiguity, leaving no room for 
doubt as to what is intended; in order to 
effect which dotted lines must largely be 
employed. It is impossible to confuse a draw- 
ing by putting dotted lines in their proper 
places, as it must be borne in mind that 
the drawings are not to be submitted to a 
parliamentary committee, but to men ac- 
custumed to most complicated mechanical 
drawings. A working drawing is not neces- 
sarily pretty; it should be neatly and ac- 
curately made, and should require no ex- 
planation whatever. 

The pitch and diameter of the rivets 
should in all cases be marked upon the 
drawings, and their relative positions in 
the structure should be pointed out. In 
the construction of a bridge, it is generally 
necessary to draw the whole or parts of it 
full sized, with its required curve or camber, 
in order to ascertain the accurate length of 
its separate portions and the exact relative 
positions of the rivets, which will, by this 
means, be very accurately ascertained; 
these positions will then be marked on a 
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template, from which any number of simi- 
lar plates can be made. 

It is usual to specifiy that when one por- 
tion of a structure is to be riveted to 
another, the holes must be made with such 
accuracy that a template with studs fixed 
in the relative position of the rivets one-six- 
teenth less than them in diameter, shall 
enter all the holes at the same time and go 
completely through the various thicknesses 
of plates; if the holes are not fair to one 
another, the shearing area of the rivet is 
reduced, and therefore the joint will not 
be of its calculated strength, to cover which 
fault it is advisable in calculating the num- 
ber of rivets to consider their diameter 
one-sixteenth less than that shown on the 
drawings; all rivets should have a good 
and sufficient head, and when inspecting 
the construction of ironwork this point 
should be enforced. 

The strength of rivet iron will be consid- 
ered hereafter, but a good practical test is 
that a rivet shall be hammered, when hot, 
to less than 4 inch in thickness without 
showing any sign of cracking. 

Although a difference of opinion exists 
among engineers on the question of drilled 
versus punched holes, it would appear from 
the following experiments carried out by 
Mr. Cochrane and kept on record in the 
Minutes, vol. xxx., that practically there 
is little to be gained, so far as the strength 
of the plates is concerned, by using one 
method more than the other. 

A bar of Lowmoor 2 inch x $ inch with 
a drilled hole 3 inch in diameter put 
through it, sustained 235 ewt., and with a 
punched hole 226 ewt.; with bars of hard 
crystalline iron of the same dimensions, 
that with the drilled hole sustained 250 
ewt. and the punched hole 244 cwt. With 
bars each with three holes, one drilled, one 
punched, and one punched } inch and 
drilled to 7 inch in diameter, in all cases 
they broke through the punched hole, 
which would be inferred from the above 
results, but which are still well within the 
limits of variation of the breaking weights 
of our best irons. 

When we leave strength out of the ques- 
tion and consider only workmanship, the 
method to be adopted must be left to the 
judgment of the engineer. Ifa number of 
plates are to be riveted together or an in- 
tricate junction made, unless great care is 
exercised by a very experienced hand at a 
panching machine, the drilled holes will be 





more accurate, but where a simple plate 
and L-iron are to be joined together the 
balance of strength in favor of drilling is 
not sufficient, in the author’s opinion, to 
sanction the extra cost. 

A want of proper welding in the lamina 
of iron may be sometimes detected when 
punching ; it is difficult to punch near the 
edge of bad iron, but a drill may be put 
through almost any rubbish. 

The cost of cast iron may be greatly en- 
hanced by bad designing, but as civil en- 
gineers have not often to deal with very in- 
tricate forms it may be sufficient to say 
that the molten metal is run into moulds, 
and that, with the exception of very large 
castings which are built up bodily, these 
moulds are formed by placing in the sand 
a pattern in wood of the object to be cast. 
Of course this is well known to all, but 
still not always remembered, if we may 
judge from the number of boxes and 
cores sometimes required for what ought to 
be simple castings. 

In a casting such as a transverse truss of 
an arch bridge, the different portions of the 
truss should have nearly the same amount 
of cross section, as if this is not attended 
to the members with the smaller body of 
metal will cool first, and the remaining 
portions in cooling will put an initial strain 
on the iron which may distort or even 
cause its destruction; for these reasons 


every precaution should be taken to insure 


that the casting may cool evenly. 

As regards the quality of cast iron, for 
want of space a few words must suffice. 
For structural purposes it should be melted 
at least twice, and mixtures should be 
made which will stand the following test: 
A bar 3 feet, 6 inches by 2 inches by 1 
inch, run each day from the cupola from 
which the castings are being made, should, 
when placed edgeways on 3 feet bearings, 
sustain a load applied at the centre of 28 
to 30 ewt., and give before breaking a de- 
flection of five-sixteenths. 

The cast iron of the sleepers for the 
Great Indian Peninsula Railway had to un- 
dergo tests very similar to this, and, in ad- 
dition, the sleepers had to stand a weight 
of 3? ewt. falling a height of 5 feet 6 inches, 
the same having previously been subjected 
to blows from this weight falling 2 feet, 2 feet 
6 inches, 3 feet, etc., up to 5 feet, 6 inches, 
being at the time of testing on sand not 
more than 24 inches deep; the average 
height required to break the sleepers was 
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7 feet, 9 inches. The cast iron was also 
to stand a tensile strain of 114 tons per 
square inch, and the average was 13.07 
tons, a very high but obtainable result. 

It is not advisable to restrict the manu- 
facturer by stating the proportions and 
classes of iron to be mixed, as he will in 
most cases be better able to judge of the 
mixtures to be made in order to produce a 
specified result. Not that the author 
would advocate leaving too much to the 
practical man, as we not unfrequently come 
across the “ miscalled practical man,” who 
will tell you that he is able to judge of 
iron by its appearance, a statement which 
must be accepted with caution, as men who 
have given much more time than most en- 
gineers can devote to the study of iron, 
very often err in their conclusions formed 
only by inspection. An instance came un- 
der the author’s notice where a fracture of 
rod iron was shown and pronounced first- 
class, and on the other end of this rod, not 
6 inches in length, being exhibited it was 
en little better than trash; in the 

rst instance, the fracture was of a fine 
silky, fibrous nature, which denotes that 
the iron is soft, tenacious, and generally of 
good quality, while in the latter case it 
presented a rather coarse crystalline frac- 
ture. which, owing to the largeness of the 
crystals, showed that the iron was not quite 
of a uniform quality, but the appearance 
was chiefly owing to the mode of testing, as 
ifiron is broken by a sudden strain it invaria- 
bly presents the crysta:line fracture ; where- 
as if good iron, and broken by a gradually 
increasing strain, the fibrous fracture 
always results; nevertheless, it is the gen- 
erally accepted opinion that the fibrous 
fracture cannot be obtained by any mode 
of testing from really bad iron; the gradu- 
ally increasing strain should therefore be 
applied, and the fibrous fracture must re- 
sult from good iron, more especially from 
rolled iron or plates. 

Whether the iron is fibrous or crystalline, 
its quality may to some extent be judged 
by the fineness of its texture, and the irreg- 
ularity of its fracture. 

Ironmasters are to some extent averse to 
testing ; the author was advised by one of 
these gentlemen of high standing to ex- 
hibit his knowledge of the subject by sim- 
ply specifying “best merchantable iron,” 
and if, after inspection, it was found not to 
be good, it could then be tested, but after 
what has been said it is needless to further 





point out the impropriety of such a pro- 
ceeding ; it was also hinted that tests were 
instituted to exhibit the cleverness of engia- 
eers, instead of which they simply exposed 
ignorance, and no doubt there is often 
room fur such remarks. 

According to Mr. Edwin Clarke, the per- 
manent set of a bar 10 feet long and 1 
square inch in section was for 3 tons, strain 


of its length. 


! 
and at 10 tons ee 


458.750 


The stretch of iron up to 12 tons is to some 


: 1 
extent uniform, and may be taken at 10.000 


of its length for each ton, but beyond this 
strain it becomes irregular, which accounts 
for the ultimate deflection of a beam being 
almost beyond calculation. 

In the early days of engineering it was 
acommon practice to make things strong 
enough, on the erroneous supposit:on that 
a structure tested with something more 
than its working load would be quite safe. 
This may or may not be true according to 
whether the limit of elasticity of the iron 
is exceeded. If such be the case the ulti- 
mate destruction of the structure is only a 
question of time; under any circumstances 
the design of a structure on such an hy- 
pothesis is now quite inadmissible owing to 
the increased cost of labor and materials, 
and the criticism to which a design is always 
subjected. 

The limit of elasticity of iron is that point 
at which the same strain will produce an 
increasing permanent set. An example 
will perhaps more clearly express this im- 
portant point. If a bar be tested with a 
load of % tons and the permanent set not 
increased by any number of repeated appli- 
cations of this load, 8 tons is said to be 
within the limit of elasticity of the iron; if 
on the other hand the permanent set in- 
ceases ever so little, the limit of elasticity 
has been exceeded. 

It would, therefore, be well to specify 
that iron shall not take an increasing set 
with 8 or 9 tons, but that with 11 or 12 
tons it must show a decided permanent set 
over and above that obtained with the 8 
tons. The latter condition is required in 
order to insure the first being complied 
with, as an unprincipled manufacturer 
might put a higher strain than 8 or 9 tons, 
and so take all the stretch out of the iron 
previous to its official testing, in which 
case any iron would comply with this con- 
dition. ‘This point is, in the author’s opin- 
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ion, one of great importance, for supposing 
the working strain put upon the iron to be 
5 tons to the inch, although this may in 
some cases be only ith of the ultimate 
breaking strain, the factor of safety will 
only be 1.6 in place of 5 as might appear 
at first sight, that is assuming the limit of 
elasticity to be 8 tons. 

The working strain to which iron is to 
be subjected is governed by the specified 
quality and tests to which it is to comply 
with. In moderately small structures, 
where the working load is comparatively 
great in comparison with the weight of the 
structure, it will be found in most cases 
more economical to employ an ordinary 
quality of iron with a small working strain, 
than to use an exceptionally good material ; 
the working strain of the iron is also gov- 
erned by the character of the load. In the 
case of a girder supporting the wall of a 
building a strain of 54 tons might with 
safety be put upon good ordinary iron, but 
in a small railway bridge of about 20 feet 
span, where the moving load is to a great 
extent indeterminable, it is not well to im- 
pose a greater strain that 4 or 4} tons 

From the author’s experience and a care- 
ful study of the many results ob'ained by 
such high authorities as Mr. Kirka‘dy, he 
concludes that ordinary iron to be found in 
the market should comply with the fol.ow- 
ing conditions : 

Rod, bar, and rivet iron should sustain 
an ultimate tensile strain of 24 tons per 
square inch, elongate 15 per cent. before 
breaking, and be reduced in sectional area 
about 25 per cent. Angle iron, an ulti- 
mate tensile strain of 22 tons, elonzate 9 
per cent., and be reduced in sectional area 
about 15 per cent. Plates with the fivre 
an ultimate tensile strain of 2U tons, elon- 
gate 6 per cent. and be reduced in sectio:al 
area about 8 per cent., and across the fibre 
18 tons, elongate 3 per cent., and be re- 
duced in sectional area about 5 per cent. 








Contrac- 
tion of 
areu per 
cent, 


! 

| Tons per | Elonga- 

square tion 
inch. | per cent. 





Rod, bar and rivet iron 24 25 
Angle iron a it 22 15 
Plates with fibre 7 20 x 
Plates across fibre ap 18 5 














These requirements are not at all exces- 





sive, and should therefore not enhance the 
price of ordinary Staffordshire bey :n | the 
insignificant sums for test ng purposes. 
The samples ou which these investigat ons 
are to be carried out ought to be from 8 
inches to 10 inches in length, between the 
points of attachment. The toughness and 
ductility of the iron can be estimated, 
either from the contraction of area or elun- 
gation ; it is unnecessary, therefore, to inves- 
tigate both of these poin's, the choice be- 
tween them being decided by the fac lity 
with which they can be ascertained, but 
where the experiments are to be carried 
out at tes'ing works, such as those of Mr. 
Kirkaidy, it is immaterial which is speci- 
fied, as by experience either may be ascer- 
tained with equal precision. 

No doubt the carrying out of tests will 
involve the expense of ¢ ntinuous inspec- 
tion, but the engineer by vigorously en- 
forcing his specification, will not only gain 
the esteem or every honest coutracior, but 
will have the satisfaction of knowing that 
he is obtaiuing good materials and work- 
manship. 

On the completion of the structure it 
should be tested with a load slightly great- 
er than its working load, and the deflee ion 
noted. This test of workmanshp must 
only be taken in conjunction with the test 
of materials, as a joint or portion of the 
structure might be on the puint of break- 
ing and y+t not stretch sutficiently to ma- 
terially alter the deflection, and hard brit- 
tle iron under the deflection test may ap- 
pear superior to a better and more desira- 
ble quality. 

If an iron structure is well designed, 
erected, and taken care of, the author can 
see no reason wby the term “life of iron- 
work” should not become a thing of the 
past, as iron imbedded in concrete has 
been found at the expiration of twenty 
years as free from decay as on the day of 
its manufacture. 

A few words on the preservation of iron- 
work will, therefore, perhaps not be out of 
place. It is advisable to coat a casting 
with oil, paint, or tar, as soon as it leaves 
the sand, as by so doing the hard outer 
skin is preserved, and when in position it 
shouid be again coated. When cast iron 
is to be eovered up, a preparation of coal 
tar and naphtha is found to answer well; 
this may also be used to advantage for the 
upper surface of buckled plates or other 
forms of road platforms. 
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Wrought iron when hot from the rolls | the after coats of red lead or other metallic 
is sometimes brushed over or dipped into| paint, of which not less than two coats 
boiled linseed oil, but a better and less ex- | should be uved, the last being of approved 


pensive way, in the author’s opinion, would 
be to brush it over with boiling hot oil | 
when cut to something like its permanent 
shape, and after its workshop manipula- | 
tion to again treat it with oil; previous to | 
being erected any abutting surfaces) 
should be also coated with red lead or 
other metallic paint. A preferable way, if 
thoroughly carried out, would be to let the 
iron slightly rust and have it well scraped | 
before its treatment with oil, as by so do- 
ing the oxide or blue shales, which in a 
more or less’ degree are inseparable from 
its manufacture, would be removed; they | 


color and put on after the work is erected 
in place. On account of the great cost of red 
lead, other metallic paints are now genera'ly 
substituted, as that expensive ingredient 
was often replaced by colored earths, which 
were mixed with bad oils, and it is need- 
less to state that the quality of the paint is, 
to a great extent, governed by the oils with 
which it is made. 

All tooled surfaces should be well 
covered with tallow and white lead. Those 
wishing to become acquainted with the 
practical items of ironwork cannot do bet- 
ter than study “ Works in Iron,” by 


are very apt to peel off after a short time | Mathieson, and experiments on wrought 
and bring the paint with them, more es-| iron and steel, by Kirkaldy; but a year de- 

cially in a structure subject to vibration. | voted to the vice and bench in a good iron- 

his is not of such vit«l importance for | work or general mechanical shop will be of 
home work under constant supervision, but | more service than any amount of reading, 
for foreign up-country-work too much care | and we have it on no less authority than 
cannot be taken to preserve the surface of | Mr. John Fowler, that a mechanical train- 
the iron from atmospheric and other in-| ing is absolutely essential to those aspiring 
fluences. | to any eminence as civil engineers. 

All work should be so designed to allow| In conclusivn the author trusts his con- 
of its being painted, and plates less than }/ /réres exonerate him from any desire or at- 
inch in thickness should never be used. | tempt to exceed his province as a student, 
The linseed oil brushed over the iron, as be- | by the terms which he has found it neces- 
fore pointed out, will form a kind of var-! sary to employ in his treatment of “ practi- 
nish, and is an excellent preparation for | cal ironwork.” 





ELASTICITY OF BUILDING MATERIALS. 
From “ The Building News.’’ 


When two balls of ivory, hard wood, or | terials, which can be discovered by careful- 
metal impinge against each other with a, ly conducted experiments; thus, ,if two 
foree very much less then that which balls of the material to be tested are sus- 
would suffice to break them, a rebound takes | pended by threads, so as to move in az are 
= one from the other, which is caused | of a circle, and allowed to fall towards 

y a slight flattening having been pro- | each other from a certain height, they will 


duced at the point of contact; and the | not return to the point from which they 
force of this recoil depends upon the power | started, but to some point short of it, the 
possessed by the material of resuming its | arc traversed in the recoi!, as compared with 
former shape: this power is the measure | that traversed in the descent, giving the 


of the “elasticity” of the body, or its ten- | measure of the “elasticity” of the materi- 


dency to resist any displacement of its 
fibres. No material is perfectly elastic; 
the fibres or particles of the body strained 
never exactly recovering their original 
position ; hence a large succession of blows 
will gradually alter the shape of the body, 


al, or the ratio of the force of restitution to 
‘that of compression. In this way the rela- 
jo elasticity of several bodies has been 
ascertained ; taking 100 to represent per- 
| fect elasticity, or the distance on the 
/are or scale from which the bodies start 


provided they are not sufficiently strong to | towards each other, it is found that glass 
produce fracture. _There are, however, | has the greatest power of restitution, its 
many degrees of elasticity in various ma- | elasticity being as high as 94; that of hard 
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ion, one of great importance, for supposing 
the working strain put upon the iron to be 
5 tons to the inch, although this may in 
some cases be only }th of the ultimate 
breaking strain, the factor of safety will 
only be 1.6 in place of 5 as might appear 
at first sight, that is assuming the limit of 
elasticity to be 8 tons. 

The working strain to which iron is to 
be subjected is governed by the specified 
quality and tests to which it is to comply 
with. In moderately small structures, 
where the working load is comparatively 
great in comparison with the weight of the 
structure, it will be found in most cases 
more economical to employ an ordinary 
quality of iron with a small working strain, 
than to use an exceptionally good material ; 
the working strain of the irou is also gov- 
erned by the character of the load. In the 
ease of a girder supporting the wall of a 
building a strain of 54 tons might with 
safety be put upon good ordinary iron, but 
in a small railway bridge of about 20 feet 
span, where the moving load is to a great 
extent indeterminable, it is not well to im- 
pose a greater strain that 4 or 4} tons 

From the author's experience and a care- 
ful study of the many results ob'ained by 
such high authorities as Mr. Kirka'dy, he 
concludes that ordinary iron to be found in 
the market should comply with the tol.ow- 
ing conditions : 

Rod, bar, and rivet iron should sustain 
an ultimate tensile strain of 24 tons per 
square inch, elongate 15 per cent. before 
breaking, and be reduced in sectional area 
about 25 per cent. Angle iron, an ulti- 
mate tensile strain of 22 tons, elonyate 9 
per cent., and be reduced in sectional area 
about 15 per cent. Plates with the fivre 
an ultimate tensile strain of 2U tons, elon- 
gate 6 per cent. and be reduced in sectioval 
area about 8 per cent., and across the fibre 
18 tons, elongate 3 per cent., and be re- 
duced in sectional area about 5 per cent. 








| 
Tons per 
square 
inch, 


Rod, bar and rivet iron | 
Angie iron E , 
Plates with fibre 

Plates across fibre 


Contrac- 
tion of 
areu per 
cent, 


Elonga- 
tion 
per cent, 





2 

22 
20 
18 
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sive, and should therefore not enhance the 
price of ordinary Staffordshire bey :n | the 
insignificant sums for test ng purposes. 
The samples ou which these investigat ons 
are to be carried out ought to be from 8 
inches to 10 inches in length, between the 
points of attachment. The toughness and 
ductility of the iron can be estimated, 
either from the contraction of area or elon- 
gation ; it is unnecessary, therefore, 10 inves- 
tigate both of these poin's, the choice be- 
tween them being decided by the fac lity 
with which they can be ascertained, but 
where the experiments are to be carried 
out at tes'ing works, such as those of Mr. 
Kirkaidy, it is immaterial which is speci- 
fied, ax by experience either may be ascer- 
tained with equal precision. 

No doubt the carrying out of tests will 
involve the expense of ¢ tinuous inspec- 
tion, but the engineer by vigorously en- 
forcing his specification, will not only gain 
the esteem or every honest coutracior, but 
will have the satisfaction of knowing that 
he is obtaiuing good materials and work- 
manship. 

On the completion of the structure it 
should be tested with a load slightly great- 
er than its working load, and the deflee ion 
noted. This test of workmanshp must 
only be taken in conjunction with the test 
of materials, as a joint or portion of the 
structure miglit be on the point of break- 
ing and yet not stretch sutficiently to ma- 
terially alter the deflection, and hard brit- 
tle iron under the deflection test may ap- 
pear superior to a better and more desira- 
ble quality. 

If an iron structure is well designed, 
erected, and taken care of, the author can 
see no reason why the term “ life of iron- 
work” should not become a thing of the 
past, as iron imbedded in concrete has 
been found at the expiration of twenty 
years as free from decay as on the day of 
its manufacture. 

A few words on the preservation of iron- 
work will, therefore, perhaps not be out of 
place. It is advisable to coat a casting 
with oil, paint, or tar, as soon as it leaves 
the sand, as by so doing the hard outer 
skin is preserved, and when in position it 
shouid be again coated. When cast iron 
is to be eovered up, a preparation of coal 
tar and naphtha is found to answer well; 
this may also be used to advantage for the 
upper surface of buckled plates or other 
forms of road platforms. 
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Wrought iron when hot from the rolls | the after coats of red lead or other metallic 
is some*imes brushed over or dipped into| paint, of which not less than two coats 
boiled linseed oil, but a better and less ex- | should be ueed, the last being of approved 
pensive way, in the author’s opinion, would | color and put on after the work is erected 
be to brush it over with boiling hot oil in place. On account of the great cost of red 
when cut to something like its permanent lead, other metallic paints are now genera’ ly 
shape, and after its workshop manipula-| substituted, as that expensive ingredient 
tion to again treat it with oil; previous to| was often replaced by colored earths, which 
being erected any abutting surfaces! were mixed with bad oils, and it is need- 
should be also coated with red lead or less to state that the quality of the paint is, 
other metallic paint. A preferable way, if, to a great extent, governed by the oils with 
thoroughly carried out, would be to let the which it is made. 
iron slightly rust and have it well scraped; All tooled surfaces should be well 
before its treatment with oil, as by so do- covered with tallow and white lead. Those 
ing the oxide or blue shales, which in a wishing to become acquainted with the 
more or less degree are inseparable from , practical items of ironwork cannot do bet- 
its manufacture, would be removed ; they | ter than study “ Works in Iron,” by 
are very apt to peel off after a short time | Mathieson, and experiments on wrought 
and bring the paint with them, more es-| iron and steel, by Kirkaldy; but a year de- 

cially in a structure subject to vibration. | voted to the vice and bench in a good iron- 

his is not of such vit«l importance for| work or general mechanical shop will be of 
home work under constant supervision, but | more service than any amount of reading, 
for foreign up-country-work too much care | and we have it on no less authority than 
cannot be taken to preserve the surface of! Mr. John Fowler, that a mechanical train- 
the iron from atmospheric and other in- | ing is absolutely essential to those aspiring 
fluences. to any eminence as civil engineers. 

All work should be so designed to allow; In conclusivn the author trusts his con- 
of its being painted, and plates less than } | /réres exonerate him from any desire or at- 
inch in thickness should never be used. | tempt to exceed his province as a student, 
The linseed oil brushed over the iron, as be- | by the terms which he has found it neces- 
fore pointed out, will form a kind of var- | sary to employ in his treatment of “ practi- 
nish, and is an excellent preparation for | cal ironwork.” 
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When two balls of ivory, hard wood, or | terials, which can be discovered by careful- 
metal impinge against each other with aly conducted experiments; thus, ,if two 
foree very much less then that which balls of the material to be tested are sus- 
would sutfice to break them, a rebound takes | pended by threads, so as to move in az are 
ogy one from the other, which is caused | of a circle, and allowed to fall towards 
y a slight flattening having been pro- | each other from a certain height, they will 
duced at the point of contact; and the | not return to the point from which they 
force of this recoil depends upon the power | started, but to some point short of it, the 
possessed by the material of resuming its | are traversed in the recoi!, as compared with 
former shape: this power is the measure | that traversed in the descent, giving the 
of the “elasticity” of the body, or its ten- | measure of the “elasticity” of the materi- 
dency to resist any displacement of its | al, or the ratio of the force of restitution to 
fibres. No material is perfectly elastic ; | that of compression. In this way the rela- 
the fibres or particles of the body strained | tive elasticity of several bodies has been 
never exactly recovering their original | ascertained; taking 100 to represent per- 
position ; hence a large succession of blows | fect elasticity, or the distance on the 
will gradually alter the shape of the body, | are or scale from which the bodies start 
provided they are not sufficiently strong to | towards each other, it is found that glass 
produce fracture. There are, however, | has the greatest power of restitution, its 
many degrees of elasticity in various ma- | elasticity being as high as 94; that of hard 
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baked clay is 89; of ivory, 81; of lime- 
stone, 79; of hardened steel, 79; of cast 
iron, 73; of soft steel and bell-metal 67 ; of 
elm wood, 60; of brass, 41; and of lead, 
20. This mode, however, of testing the 
elasticity of bodies tells us very little about 
the actual elastic force residing in the 
material; for although glass has a much 
higher elasticity than steel, yet a blew that 
would not make the slightest impression 
on the latter would smash the former to 
atoms. For practical purposes we have, 
therefore, to ascertain by a different class 
of experiments what force a body will with- 
stand without injury to its elasticity or 
power of retaining the shape that has been 
given to it. 

When a straight bar or rod of any hard 
material is fixed at one end, and a pressure 
applied to the other, a bending in the di- 
rection of the pressure will be produced, 
the amount of which depends on the rela- 
tive proportions of the bar, and the amount 
of force applied. In some materials, such 
as brick or stone, the bending wiil hardly 
be perceptible, as the application of a 
weight that would produce any appreciable 
amount of flexure would’ fracture the 
material; with iron, steel, wood, and many 


other substances, the case is very different, 
the amount of bending being very consider- 
able before injury or fracture takes place; 
when, however, the pressure is removed 
the bar never returns exactly to its original 
straightness, but retains a ‘“‘set” or altera- 
tion of form, owing to the imperfection of 


its elasticity. Thus in an experiment that 
was tried on a small cast-iron bar whose 
section was the form of 1, which was sup- 
ported at exch end and loaded in the mid- 
dle, and of which the breaking weight was 
found to be 1,120 lbs., the deflection in the 
centre, or deviation from a straight line, 
caused by a load of 14 lbs., was 1-40th of 
an inch, and the set after the removal of 
the load was just perceptible ; with a load 
of 56 lbs. the deflection was 4-30th of an 
inch, and the set 1-200th of an inch; but 
with 112 Ibs. the set was three times as great 
as with 56 lbs. Hence it appears that how- 
ever small the strain the elasticity is to 
some extent weakened thereby, aud, con- 
sequently, the resisting power of the ma- 
terial. Fortunately, however, the set does 
not go on increasing in any prreeptible de- 
gree as long as the beam is loaded with a 
weight very much less than that which 
would cause fracture, this ratio varying in 





different materials from 1-3rd to 1-10th of 
the breaking load. 

Another mode of testing the elasticity of 
a material is to subject it to a stretching 
force in the direction of its length ; if the 
material was perfectiy elastic it wou'd, after 
being elongated by the force applied, return 
to its original length as soon as the strain 
was taken off; that it never does so is evi- 
dent from the following experiments :—A 
rod of cast iron 50 feet long and 1 inch 
square being subjected to a stretching force 
was found to require 16,000 lbs. to tear it 
asunder; but before this was done it was 
graduxlly strained by a succession of 
weights, and when the strain amounted to 
1-1U0th of the breaking weight it stretched 
11-150ths of an inch, and the permanent 
set when the load wasremoved was 1-5(0(0th 
of an inch; with double this load the rod 
stretched just twice as much, but the set 
was 1-100th of an inch, or five times as much 
as before; with half the breaking weight 
the extension was nearly $ an inch, and 
the set 1-20th of an inch, the ultimate ex- 
tension at the moment of fracture being 1 
inch. Hence we see that cast iron, when 
subjected to tensile strain, possesses a high 
degree of elasticity as long as the stretch- 
ing force applied is oniy a small proportion 
of the bieaking force, since the “ set”’ is but 
1-30th of the actual extension produced by 
1-8th of the breaking weight, and amounts 
to 1-15th of the extension when the strain 
is } of the breaking weight. We may 
therefore consider that for all practical pur- 
poses cast iron is perfectly elastic under a 
tensile strain as long as it does not exceed 
1-8th of that which would tear it assunder; 
also that within this limit the elongation is 
proportional to the strain ; hence if L is the 
original length, / the extension produced by 
a force 8, Ea constant number called the 
“modulus of elasticity,” then 


7: L: :8:E 


If we make 7 equal to L, then § will be 
equal to E; and hence it appears that E is 
the force necessary to elongate a rod one 
square inch of section by a quantity equal to 
its original length. The value of E has been 
determined for many solid bodies by exper- 
iment, and is employed in all calculations 
of the resistance of bodies to change of 
form. If 8 is the force that will produce 
an elongation /in a rod 1 inch square, then 
S X A is the force which will produce the 
sume extension, in one of A inches in sec- 
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tion ; or putting S K A = F, we have 
F 
S=i: 
and since E:S8::L:1. 
Therefore 
re eet and hea, 
A B.A 
E.Al 
L . 


The value of 7 gives us the elongation 
produced by a given force F, and the value 
of F in the last equation gives the force re- 
— to produce a given elongation /. 


utting 


or, F = 


l 
S=E vc’ 
we have F=SXA. The “modulus of 
elasticity E is the constant relation exist- 
ing between the tension per unit of area, 
and the corresponding proportional elonga- 
tion which it produces. From the fore- 
going experiment we can, therefore, de- 
duce the numerical value of E, since 


U 


and when S = 4,480 lbs., 
b , BX 


.*. E = 13,440,000 lbs., 


ee 2 
for cast iron. 
_ When a bar is subjected to a compress- 
ive force in the direction of its length, it is 
shortened thereby in proportion to the force 
applied ; but when the pressure is removed 
its elasticity enables it to return to its orig- 
inal length, or very nearly so, provided the 
amount of pressure has not approached near 
to that which would crush the material. 
An experiment of this kind was made on a 
bar of cast iron, 10 feet long and 1 inch 
square, inclosed in an iron frame to pre- 
vent bending, the compressing force being 
applied at one end. Under a pressure of 
4,200 lbs. the bar yielded 1-23rd of an inch, 
and when the load was removed the “ set” 
was scarcely perceptible, being only 1-14th 
of this decrement. Under 6,300 lbs. the 
compression was 1-15th of an inch, the set 
bearing the same proportion thereto as be- 
fore. With a load of 8,400 lbs. the bar 
yielded 1-12th of an inch, but the set was 
1-10th of the compression; also with 10, 
500 Ibs. the set was in like proportion to 
the compression, which was a little over 
1-10th.inch. With an increase of the force 





tion to the compression, being more than 
1-8th of it when the load was 21,000 lbs. 
Taking the compression under a force of 8, 
400, we find the modulus of elasticity from 
the equation 


E=s7, 


namely, E = 11,454,545 lbs. for cast iron 
under compression. 

When bars of wrought iron are subjected 
to tensile strains, th.-y will stretch much 
more than those of cast iron before break- 
ing, and the set is very small until the 
strain reaches one-half that which will tear 
the fibres asunder. A bar | inch square, 
and 10 feet long stretched 1-22nd of an inch 
under a strain of 10,670 lbs., which was 
1-5th of the breaking load, and on its re- 
moval it recovered its original length almost 
exactly, the ‘‘set” hardly amounting to 1- 
100th of the extension produced; with 
double the strain the extension was twice 
as great, but the set nearly four times as 
much as before; with half the breaking 
load the extension was nearly 1-8th of an 
inch, and the set 1-100th inch, or 24 times 
as great as with a strain of 1-5th the break- 
ing load. In this case the elasticity was 
but slightly impaired under a strain equal 
to half that which would destroy the mater- 
ial, since the extension was in proportion to 
the force applied. Hence we find the 
value of E for this material to be 27,834,- 
783 lbs. for tensile strain, by taking the 
value of 2, when S=10,670 lbs. 

The elasticity of wrought iron under a 
compressive force has been determined by 
experiments simi'ar to those employed for 
cast iron, by inclosing a rod 10 feet long 
and 1 inch square, in an iron frame, to pre- 
vent it from bending. Under a pressure 
of 10,000 lbs., the decrement of length was 
1-20 inch ; with 20,000 lbs., it was 2-20 
inch; and with 30,000 lbs. it was 3-20 
inch; showing that the law of compression 
being proportional to the load held good to 
that extent, and that the elasticity of the 
material was hitherto unimpaired ; in this 
case the “set” increased nearly as the 
square of the compression of each renewal 
and removal of the load. Beyond 30,00 Ibs. 
on the square inch, the compression in- 
creased with greater rapidity the elasticity 
being evidently impaired thereby, so that 
we way consider this as the utmost com- 
pressive strain to which wrought iron can 
be safely subjected. Taking the compes- 


the set increased’ more rapidly in propor- | sion under a weight of 20,000 lbs., we find, 
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in the same way as before, E=24,000,000 
Ibs. for wrough¢ ir n under compression. 
The value of the modulus of e!asticity (E) 
is required when we want to calculate the 
defiection which a beam will undergo when 
supported at the ends and loaded in the 
middle; in which case the amount of devia- 
tion from a straight line is found by multi- 
‘ying the weight into the cube of the 
ength, and dividing by the moment of in- 
ertia of the section of the beam taken about 
its neutral axis, and by 48 times the modu- 
lus of elasticity. Hence the value of E can 
be calculated by observing the deflection 
produced by a given loud. Thus, the mo- 
ment of inertia ofa rolled iron joist of I sec- 
tion is 12 {b. D® —b—+. d’), where d is the 
breadth of the flanges, D the total depth, 
d and ¢ the depth and thickness of the web; 
the deflexion of this beam was .016 inch 
for every 2,240 lbs. laid on the centre, the 
span being 54 inches; therefore 


wx 1 
48 x .016 “* 12 (b.D® — b — 7d) 
22,467,200 lbs., the depth D being 5 in., d 
2} in., b 2} in., and ¢ Z in. 

By means of the modulus of elasticity 
we can therefore find how much deflection 
to expect when a beam is subjected to a 
given load, and can regulate the dimension 
thereof so that its deflection shall not ex- 
ceed a fixed amount. When the load is 
uniformly distributed over the entire length 
of the beam, the deflection at the centre is 
sths of that produced by the same load all 
appl-ed at the centre. 

The elasticity of steel is much more per- 
fect than that of iron, and consequently it 
can be loaded with a greater proportion of 
its breaking weight without injury. A bar 
of hardened steel 1 inch square being laid 
on two supports 54 inches apart, a load 
was applied at the centre beginning with 
50 lbs., and increasing gradually by that 
amount until it reached 1,400 lbs. Under 
800 lbs. the deflection was 1 inch; with 
1,000 Ibs. it was 14 inch, and with 1,200 
Ibs. a little over 14 inch, showing the in- 
crease of deflection to le nearly as the 
strain. With a load of 1,200 lbs. a slight 
“set” was observed, amounting to .U16 
inch, which was quadrupled by the addi- 
tion of another 50 lbs. ; from this point the 
deflection and set increased more rapidly, 
being 1 4-5ths of an inch and .133 inches 
respectively, under a strain of 1,300 lbs., 
and with 1,850 the set was .429 inches; 


E= 





hence it appears that the elasticity remained 
perfect until the load exceeded 1,200 
Ibs. 

A bar of steel being subjected to a ten- 
sile strain, showed no indication of a set 
until the strain was one-half that which 
would tear it asunder, so that this materi- 
al may be strained to that extent without 
injury to its elasticity. The same may be 
said of steel when it is subjected to a crush- 
ing or compressive force. The modulus of 
elastic:ty of the best steel is 31,000,000 lbs., 
but very much less for the inferior quali- 
ties. 

Wood is a materia] whose elasticity is 
easily impaired, for if once it is bent it re- 
tains the curvature given to it, so that the 
strain to which it is subjected must fall 
very far short of that which would cause 
fracture. The moment of inertia of a rec- 
tangle about an axis through its centre being 


1 3 
12°! 


where b is the breadth and d the depth, the 
value of E is obtained from the deflection 
(6) of a rectangular beam loaded in the 
middle and supported at each end, from the 
equation 
Ww 18 
E = 4a xX ba . 

The deflection of an oak beam 2 in. square 

and 84 in. long, was 1.28 in. with a load of 


200 lbs., hence 


843 
2X24 
From this formula we can find the breadth 
to be given to a beam of known depth and 
span in order that the deflection under a cer- 
tain weight shall not exceed a fixed amount ; 
tor 


200 
4X 1.28 





E= ; == 1,447,031 Ibs. 


we 
4E. 4. 4° 


The modulus of elasticity for fir can be 
found by a similar experiment; the deflec- 
tion of a fir batten 3 in. deep and 1} in. 
thick, with a span of 72 in, amounted to 
1 in. under a load of 120 lbs. ; hence 

Ww 3 
E= 4a x bas = 1,105,900 lbs. for fir. 

Another similar batten gave a deflection 
of } inch under the same load with a span 
of 8 feet ; consequently we have E=1,310,- 
720 lbs. in this case ; and another with 10 
feet span deflected 1 inch with the same 


b= 
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load, giving E—1,232,213 lbs., which is 

about the average of the three numbers. 
The importance of a knowledge of the 

elasticity of materials can scarcely be over- 


estimated, since the bending or “ sagging ” | 


of a beam supporting the wall of a house 
or other heavy permanent load will cause 
settlements in all parts of the building, 
even if it does not actually endanger the 
stability of the structure. 





THE ECONOMIC DEPTH OF TRUSSES. 


By 8. H SHREVE, C. E. 


Written for Van Nostrand’s Magazine. 


Among the many interesting problems 
which present themselves during the inves- 
tigation of the subject of strains in trusses, 
that of the economical distribution of ma- 
terial has received but little attention ; cer- 
tain proportions have been taken and cer- 
tain precedents followed without much 
thought being given to the matter. It is 
true, that as yet, owing to some unsettled 
points, theory will enter to some extent in- 
to discussions of economy of material, but 
our assumptions are very closely allied to 
facts, and the results which may be obtained 
have great practical value. In many spe- 
cial cases the proportions for stiffening, for 
joints, for horizontal bracing, and for other 
parts which have been assumed at a certain 
percentage, may be definitely fixed, and 
enable us to obtain results which are accu- 





rate. 

Certainly that which tends to solve the 
toblem:—given the span and the weight to 
e carried to determine the most economic | 

form or depth of truss—must, at least, be 
interesting to the practical engineer. 

It is the latter question, that of the eco- 
nomic depth of truss, that we propose in- 
vestigating in the present paper. 

Disregarding its own weight, the quanti- | 
ty of material in a member of a truss varies | 
directly as its length and the amount of | 
strain to which it is subject. Thus a} 
wrought-iron rod or bar subject to tension | 
must have, for a safe working load, a sec- | 
tion of 1 sq. in. for each 11,000 lbs. of | 
strain to which it is subject ; or if S repre-! 


sent the load or strain which the rod is 
8 

11600; 

and since a bar | in. square and 1 ft. long 


weighs 3.368 lbs., *> >" is the weight of 1 


11000 
ft. of the bar or rod, and multiplying by 7, 
the length of the rod, we have 

r8 

3266 
the weight of a rod whose length is r, which 
will safely support the load or strain 8. 

The same process of reasoning applies to 
a strut or column subject to compression, 
only since 9,000 lbs. may be taken as the 
safe compressive load for wrought iron, Eq. 
(1) may be changed to 

r$ 
aig @ oes @). 

No allowance is here made for the extra 
quantity of material required for joint con- 
nections, and it is not necessary at this 
point in the case we are considering, to 
allow any, since our results do not affect 
the number of joints; butin the struts a 
certain allowance must be made for stiffen- 
ing and rivet holes. For this one-third will 
be ample, and we consequently leave Eq. 
(1) as it is, and make Kq. (2) one-third 
greater or in even numbers. 


ont. s 


supporting, its correct section will be 


bad (1), 


rs 
20u4 

is the weight of a strut subject to a strain S. 
Let Fig. (1) represent a truss with a 


(3) 
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simple system of bracing consisting of ver- 
tical struts and inclined ties, then the Eq. 


(20’ + 0 x - (w’ + w) x? 
— > Sik 
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will give the strains in the chord members 
when the truss is fully loaded. 


the weight of the uniformly distrib- 
uted movable load, 

w = the weight of the truss, 

1 = the ke ngth of the truss, 

d = the depth of the truss, 

x = the distances of the ends of the chord 
members from the abutment and is 
measured in the upper chord to the 
ends nearest the ceutre and in the 
lower chord to the ends nearest the 
abutment and is confined to values 


Here w/= 


not exceeding TZ 


Let p= the length of the chord members; 
hence we can obtain the weight of any up- 
per chord member by substituting Eq. (4) 
for 8 of Eq. (3) and multiplying by p in- 
stead of r; or the weight of any upper chord 
member is 

(wo + w)z 
_— 


The successive values of x in this equation 


(ur! + w) x? 
zal 


* 2 
2004 





=Q (5) 


are p, 2p, 3p, ete., to =, nm being the num- 


ber of panels in the truss; so that by 
substituting these values in the equation 
and summing the series thereby tormed, 
we evidently obtain the weight of one-half 
of the upper chord. 

Taking the first term of Eq. (5) we find 
that it increases in arithmetical progres- 
sion, thus: 


uw! + w ‘ np 
ad (p+ 2p+p.... r). 


and the sum of this series is 


(ar)? =): 


The second term becomes 
w/+w 
aa (v* + 4p* + 9p"... 
w+w n 
= =F p?(1+44+9+.... > 


and the sum of this series is, 
u’'+ w n3 + 3n?+ 2n 
2a ( 24a ): ”) 
Replacing these terms in Eq. (5) and for 
np putting its value J, we obtain, 


w’ + w\ In + 27 w+ w 
} aa) - aa )x 


8 


(= +324 2p 
me arch 





n* p* 
4 








=a (; pl F). 


4usd \i2 "7 8” 12 


and ee _ 


og Se eg BAS 
~~ 004d att '-F)=0 8) 


is the quantity of material in the upper 
chord. For the lower chord from Eqs. (1) 
and (4) we have similarly, 


| ) 


but in this case the limit of the values of x 


_ (w' + w) a 


2adl 


P 


(w’ + w)e 
. 3266’ 


2u 


. (9) 


; 


is “P _ p, a8 will be seen by reference to 


the figure. Performing the same process as 
with the equation for the upper chord, Eq. 
(9) becomes 
w+ w 
3266d (3 
the quantity of material in whole lower 
chord. Adding Eqs. (8) and (10), we have 
ot oP . ot et wT OP 8 
14905.4d * 4083.6d law3d 
or, since the last two terms of the equation 
will not amount to more than a very small 
percentage of the whole quantity, they may 
be omitted and we shall have 
(xr + w)i2 
lisa 


(ur) 


(11) 


for the quantity of material in the two 
chords 

The strain upon any strut from the con- 
stant load will be given by the following 
equation : 

="(2-"). (12) 

Here x is measured from the centre of 

the truss to the strut and the load is consid- 


ered as concentrated at the lower chord 


panel points. 
Substituting Eq. (12) for S in Eq. (3), 
and for r the length of a strut, d, we have 


t@-3)a 
2004 


the quantity of material in any strut dis- 
tant « from the centre of the truss. The 
different values of x are, as before, p, 2p, 


3p, ete., to = 
ries and putting / for np we obtain for the 
first term, 

wd fn 1 

ams +z) 


and for the second term, which is a constan 


wed 
= 20041 


wopd 


~ poi > 


» whence, summing the se- 
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and applies to every strut, and consequently 
to be multiplied by As we get, 
wd 


8016’ 
whence, 


1 
+3) 
the quantity of material in one-half the 


strut and 


wdn 


me~% - + (5) 


the quantity of material in all the struts 
from the constant load. 


rod wodn _ 
~ 9016 16032 


wl {n 


2 04 (8 a (14) 


But n = ‘ , whence Eq. (15) becomes 


ard 
B06 p (16) 

or the quantity of material in the struts re- 
quired tor the constant load varies directly 
as the depth and as the length of the truss, 
and inversely as the length of the panels, 
while the quantity of material in the chords 
varies inversely as the depth, and may be 
considered here to be unaffected by the 
length of the panels. 

The strain in any strut is to the strain in 
the tie attached to its upper end as the 
length of a strut is to the length of a tie, or 
since the length of a tie=1/ (p’+d*) 


=Q, . . 


d:viett+at):: 2 (#-5 
a (*-S)verte 0D 

is the strain in any tie, x being the distance 
from the centre of the truss to the upper 
end of the tie. 

Substituting Eq. (17) for S in Eq. (1), 
and for r the length of a tie +/(p’+4’) and 
performing the same process we have just 
done with the struts, we obtain for the 
quantity of material in the ties, 


ona t+e)=2 - (18) 
varying with the length of the tie and 
greater with an increased depth of truss.* 

The equation for the strain upon the 
braces from the moving load is 


2 
w (2-7) 
aes 


(19) 





* Stoney, page 182, is of a different opinion. He states, 
“Hence we conclude that altering the depth of braced girders 
does not affect the amount of bracing.’’ 





Where «—F is the extent of the load 


measured from one abutment, and 2 is the 
distance from that abutment to the strut 
whose strain is given by the equation. To 
apply Eq. (19) we must substitute it for 8 
in Eq. (3) and make r=d, the length of a 
strut. The different values of x are p, 2p, 
3p, etc., tonp. But the greatest strains upon 
the struts are produced when the truss is 
half or more than half loaded so that the 


. ef 
different values of x are from P to np. 


Substituting these values in Eq. (19) and 
summing the series, we have for the amount 
of strain in the struts of one half the truss, 
excluding the centre one, 


or for the whole truss, 


w’'p 
-_- == eB ' * 7 


456 


7 wn 
24 


This does not give the straia upon the 
centre strut, which may be obtained from 
Eq. (19) by making « = <, which gives 

w = =vp , wp 

BS at Bt’ 
and adding this to Ey. (20) we have, 
Twn Twp, w , wp? _ : 
7 atte (21) 

Substituting this in Eq. (3) and for r put- 
ting d, we have, 

wy wet) a a, 


Twn Tw'p w’p 
va” uae * 8 BF J 2004 
for the quantity of material required for the 


struts; and for the ties, as in the previous 
case of the constant load, 


Twn Twp, w' , wp*\ p* + a* 
( 24 zi's a) $266d 
Collecting the equations we have ob- 
tained for the different parts, we have, 
wl 
0) 


(w’ + 1) I” + (as Ny Twp w! 4 of 2 " 
(24) 


(22) 


=Q (23) 


layus 4d 2p wi’ 8 
ad, pt+dt\ 
(2+ Saez)? 
for the total quantity of material in the 
truss. 

If, for convenience, this equation be put 
in this shape 


A, p(d pita 7" 
7+B(E+ ba )=a. . (25) 


where the values of A, B, a and b are easily 
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seen, and then differentiated with d as a 

variable, we will obtain for its value, which 

will make the equation or the quantity of 
material a minimum, 

ss ap* Ab 

airs v(t + b) 

By replacing the quantities of Eq. (24) in 

this equation and reducing it to its simplest 
form we obtain for the value of d, 


(26) 


d= V} .38p* 


21*p (w’ + 2) } (2%) 
w/{ 71? @— p*) + 3p + 3p*} + 6wh 


Let w’=200,000 w—100,000, 200, and 
p=10, and by substituting these values in 
the equation we shall. obtain for that depth 
of truss which shall require the smallest 
quantity of material 


d = / {38 + 592} = 25 ft. 


If we assume the amount of horizontal 
bracing and the allowance for joints, etc., 
to be a certain percentage of the weight of 
the bridge, and we add this, together with 





a 





the weight of the track to Eq. (24), we 
shall then obtain the value of w or the 
weight of the bridge. Thus, let the hori- 
zontal bracing and the extra amount of 
material required for joints and connec- 
tions be 25 per cent. of the weight of the 
bridge and the weight of the track, etc.. to 
be, say 250 lbs. to the foot, then, 

w , w'p 


7 w’ 
P+e + op 


241 


(uc! + w) I? Tw! 
14903.4d +G 


+4)* 


£4022 - 28 
(sat agg) + - 25+ 2501—w. (28) 
or, 

Twl Tw'p 
24p 241 


24 q? 
re ) + 250: 


wt 
~ Al4yu3.4d 


(5+ 
2004 
+ F £5 4 6t2) a 
: (5 - 14903. 4a 4p (oa +3206 ) (29) 
Let w'=400,000, 200, d=25, and p= 
10, and substitute these values in this last 
equation and we shall obtain for the weight 
of the bridge, w=268,071 lbs. 


24" 
w 8 





RECENT PROGRESS IN MECHANICAL ENGINEERING.* 


From “The Telegraphic Journal.” 


In railroad 
most important topics for consider:tion, as 
it appears to me, is that which relates to the 
abatement of dangers in the conducting of 
the traffic. 

Gradually, during a period of twenty or 


engineering, one of the | tween successive trains. 


It was quite pos- 
sible, however, that the foremost of the two 
trains, after passing any of these places 
where signals were given, might become dis- 
abled, or might otherwise be made to go slow- 
ly, and that the following train might over- 


thirty years past, a very fine system of | take it, and come into violent collision with it 


watching, signalling, and otherwise ar- 
ranging for the safety of trains, has been con- 


from behind. In order to provide against 
the occurrence of such accidents a system 


trived, and very generally introduced along | was introduced called the block system; 
our principal line of railroad. In saying | and its main principle consists in dividing 
this, I allude chiefly to the block system of | the line into suitable lengths, each of which 
working railways, with the aid of telegraph- | is called a block section, and allowing no 





ic signals and interlocking mechanisms 
for the working of the points and siznals. 
In former times it was customary to allow 
a certain number of minutes to elapse after a 
train passed any station, or junction, or level 
crossing, or other point where a servant 
of the company was stationed, before the 
succeeding train was ailowed to pass the 
same place. Thus at numerous points along 
the line a time interval was preserved be- 





*Abstract of the address of Prof. James Thompson, 
ia, D, to the Mechanical Section of the British Associa- 
tion, 





engine or train to enter a block section un- 
til the previous engine or train has quitted 
that portion of the line. In this way a 
space interval of at least the length of a 
block section is preserved between the two 
trains at the moment of the later train’s 
passing each place for signalling; and the 
risk of this space interval becoming dan- 
gerously small by negligence or otiver acci- 
dental circumstances, as the later train up- 
poaches the next place for signalling, is al- 
most entirely avoided. 

Further, at each signalling station, the va- 
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rious levers or handles for working the 
points, and those for working the sema- 
phore signals for guiding the engine-drives, 
instead of being—as was formerly the case 
—scattered about in various situations ad- 
jacent to the signalling stations, and work- 
ed often some by one man and some by 
another, without sufficient mutual under- 
standing and without due harmony of action, 
are now usually all brought together into one 
apartment called the signal-cabin. This, 
cabin, like a watch-tower, is usually eleva- 
ted considerably above the ground, and is 
formed with ample windows or glass sides, 
so as to afford good views of the railway to 
the man who works the levers for the sem- 
aphores and points, and who transmits by 
electricity signals to the next cabins on both 
sides of his own, and, when necessary, to 
other stations along the line of railway. 
The interlocking of the mechanisms for 
working the points and for working the 
semaphores, which, by the signals they show 
control the engine-drivers, consists in hav- 
ing the levers by which the pointsman 
works these points and signals so connected 
that the man in charge cannot, or scarcely 
can, put one into a position that would en- 
danger a train withvut his having previous 


ly the necessary danger-signal or signals 
standing so as to warn the engine-driver 
against approaching too near to the place of 
danger. 

The latest important step in the deve!op- 
ment and application of the block system 
is one which has just now been made in 


Scotland, on the Caledonian Railway. Be- 
fore explaining its principle, I have first to 
mention that a semaphore arm raised to the 
horizonta! position is the established dan- 
ger-signal, or signal for debarring an en- 
gine-driver from going past the place where 
the sign:l is given. Now the ordinary 
practice has been, and still is, to keep the 
semaphore arm down from that level posi 
tion, and so to leave the line open for trains 
to pass, except when the line is blocked by 
a tran or other source of danger, on the 
block section in front of that semaphore, 
and only to raise the semaphore arm excep- 
tionally as a signal ofdunger infront. The 
new change, or improvement, now made on 
the Caledonian Railway consists mainly in 
arranging that along a line of railway the 
semaphore arms are to be regularly and or- 
dinarily kept up in the horizontal position 
for prohibiting the passage of any trait, 
and that each is only to be put down when 





an approaching train is—by an electric sig- 
nal from the cabin behind—announced to 
the man in charge of that semaphore as 
having entered on the block section be- 
hind, and when, further, that man has—by 
an electrical signal sent forward to the next 
cabin in advance—inquired whether the sec- 
tion in advance of his own cabin is clear, and 
received in return an electrical signal mean- 
ing “ The track is clear; you may put down 
your debarring signal, and let the train pass 
your cabin.” The main effect of this is, that 
along a line of railway the signals are to be 
regularly and ordinarily standing up in the 
debarring position against allowing any 
train to pass; but that just as each train 
approaches, and usually before it has come 
in sight, they go down almost as if by magic, 
and so open the way in frontof tue train 
if the line is ascertained to be duly safe in 
front; and that immediately on the pass- 
age of the train they go up again, and, by 
remaining up, keep the road closed against 
any engine or tram whose approach has 
not been duly announced in advance, so as 
to be knownat the first and second cabins in 
front of it, and kept closed unless the en- 
tire block section between these two cabins 
is known to have been left clear by the last 
preceding engine or train having quitted it, 
and is sufficiently presumed not to have 
met with any obstruction, by shunting of 
carriages or wagons, or by accident, or in 
any other way. This new arrangement, 
which appears to be a very important im- 
provement, has already been brought into 
action with success on several sections of 
the Caledonian Railway ; and itis being ex- 
tended as rapidly as possible on ‘he lines 
of the Caledonian Company, where the or- 
dinary mode of working the block system 
has hitherto been adopted. 

The mechanisms and arrangements I have 
now briefly mentioned are only a portion of 
the numerous contrivances in use for 
abatement of danger in railway traffic. It 
is to be understood that by no mechanisms 
whatever can perfect immunity from acci- 
dents be expected. The mechanisms are 
litble to break or to go wrong. They 
must be worked by men, and the men are 
liable to make mistakes or failures. We 
shall continue to have accidents; but if we 
cannot do away with every danger, there 
is no reason why we should not abate as 
many dangers as we can. 

Within the past twenty years very re- 
markable progress has been made in steam 
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navigation generally, and more especially, 
I would say in oceanic steam navigation. 
In this we meet with the re«lization of 
great practical results from the combina- 
tion of improved mechanical appliances »nd 
of physical processes depending on a more 


advanced knowledge of thermo-dynamic | 


science. 

The progress in ocean'c steam naviga- 
tion is due mainly to the introduction joint- 
ly of the screw propeller, the compound en- 
gine, steam-jacketing of the cylinders, su- 
perheated steam, and the surface-conden- 
ser. 

The screw propeller, in its original 
struggle for existence, when it came into 
competition with its more fully developed 
rival, the paddle wheel, meet with favor- 
ing circumstances in the want—then strong- 
ly felt—of means suitable for giving a 
small auxiliary steam-power to ships arran- 
ged for being chiefly propelled by sails 
For the accomplishment of this end the 
paddle-wheel was ill-suited ; and so the 
screw propeller got a good beginning for use 
on long oceanic voyages. Afterwards, in 


the course of years, there followed a long 


series of new inventions and improved de- 
signs in the adaptation of the steam-engine 
for working advantageously with the new 
propeller; and it has resulted that now, in- 
stead of the screw being used as an auxil- 
iary to the sails, the sails are more common- 
ly provided as auxiliaries to the screw. 
For long oceanic voyages it became very 
important or essential to get better econo- 
my in the comsumption of fuel. In order 
to economize fuel, high-pressure steam, with 
a high degree of expansion and with con- 
densation, was necessary. This led to the 
practical adaptation, for the propulsion of 
vessels, of the compound engine—an old 
invention, which originated with Horn- 
blower in the latter part of the last century, 
and was afterwards further developed by 
Wolff. The high degrees of expansion 
could not be advantageously used in cylin- 
ders heated only by the ordinary supply of 
steam admitted to them for driving the pis- 
ton; and more especially when that steam was 
boiled off directly from water without the 
introduction of additional heat to it after 
its evaporation. The knowledge of this, 
which was derived through important ad- 
vances made in thermo-dynamic science, led 
to the introduction into ordinary use in 
steam navigation of steam-jacketed cylin- 
ders, and to the ordinary use also of super- 


| heated steam. With increased efforts to- 
wards economy of space in the hold of the 
ship, which became the more essential when 
| very long voyages were to be undertaken, 
|and with the new requirement of greatly 
increased pressure in the steam, the old 
marine boilers, with their flues of riveted 
plates, were superseded by tubular boilers 
more compact in their dimensions and bet- 
ter adapted for resisting the high pressure 
of thesteam. In connection with these va- 
rious changes, the old difficulty of the 
growth of the stony incrustations in the 
boilers became aggravated rather than in 
any way diminished. As the only availa- 
ble remedy for this, there ensued the prac- 
tical development and the very general in- 
troduction of the previously known, but 
scarcely at all used, principle of surface 
condensation instead of condensation by 
injection. A supp’y ofdistilled wa‘er from 
the condenser is thus maintained for feed- 
ing the boilers, and incrustations are 
avoided. The consumption of coal is often 
found now to be reduced to about 2 lbs. 
per indicated horse-power per hour, from 
having been 4 or 5 lbs. in good engines 
in times previous to about twenty years 
ago. 

Before the times of ocean telegraph-ca- 
bles, little had been done in deep-sea sound- 
ing; but when the laying of ocean. cables 
came first to be contemplated, and when 
it came af:erwards to be realized, the ob- 
taining of numerous soundings became a 
matter of essential practical importance. 
In the ordinary practice of deep-sounding, 
as carried on both before and since the 
times of ocean telegraph-cables, until a year 
or two ago, a hempen rope or cord was used 
as the sounding-line, and a very heavy sink- 
er—usually weighing from 2 to 4 cwts.— 
was required to draw down the hempen 
line with sufficient speed, because the fric- 
tional resistance of the water to that large 
and rough line moving at any suitable speed 
was very great. The sinker could not be 
brought up again from great depths, and 
arrangements were provided by means of a 
kind of trigger-apparatus, so that when the 
bottom was reached the sinker was de- 
tached from the line, and was left lying lost 
on the bottom, the line being drawn up with- 
out the sinker, but with only a tube of no 
great weight, adapted for receiving and 
carring away a specimen of the bottom. 
For the operation of drawing up the hem- 
pen line with this tube attached, steam 








eeorrFT vJvTti Pr "SS I oP F 


FRENCH PRESERVATION OF TIMBER. 431 





power has been ordinarily used, and practi-| drum from which the wire was unrolling. 
eally must be regarded as necessary. Another novel feature of great importance 

A great improvement has, within the | consists in the introduction of an additional 
last two or three years, been devised and | hauling-up drum or pulley, arranged to act 
practically developed by Sir William Thom- | as auxiliary to the main drum during the 
son. Instead of using a hempen sounding- | hauling-up process. The auxiliary drum 
line, or cord of any kind, he uses a single | has the wire passed once or twice around its 
steel wire of the kind manufactured as/| circumference at the time of hauling up, 
pianoforte wire. He has devised a new | and is turned by men, so as to give the wire 
machine for letting down into the sea the | extending from it into the sea most of the 
wire with its sinker, and for bringing both | pull requisite for drawing it up out of the 
the wire and the sinker up again when the | sea, andit passes the wire forward to the 
bottom has been reached. With this appar- | main drum, there to be rolled in cv:ls reliev- 
atus, in its earliest arrangement, and be-| ed fromthe severe pull of the wire and sink- 
fure it had arrived at its present advanced | er hanging in the water. Thus the main 
condition of improvement, he sounded, in| drum is saved from being crushed or crum- 
June, 1872, in the Bay of Biscay, in a depth | pled by the excessive inward pressure which 
of 270 fathoms, or a little more than 3| would result from two or three thousand 
miles, and brought up again his sinker | coils of very tight wire, if that drum unaid- 
of 30 lbs. weight after it had touched the | ed were required to do the whole work of 


bottom ; and brought up, also, an abundant 
specimen of ooze from the bottom, in a suit- 
ably arranged tube attached at the lower 
end of the sinker. 

An important feature in his machine con- 
sists in a friction brake arrangement, by 
which an exactly adjusted resistance can be 
applied to the drum or pulley which holds 
the wire coiled round its circumference, and 
which, on being allowed to revolve, lets the 
wire run off it down into the sea’ ‘The re- 
sistance is adjusted so as to be always less 
than enough to bear up the weight of the 
lead or iron sinker, together witn the 
weight of the suspending wire and more than 
enough to bear up the weight of the wire 
alone. Thus it results that the arrival of the 
sinker at the bottom is indicated very ex- 
actly on board the ship by the sudden 
cessation of the revolving motion of the 


| hauling up the wire and sinker. 

| The wire, though exposed to the sea- 
| water, is preserved against rust by being kept 
| constantly, when out of use, either immersed 
'in or moistened with caustic soda. The 
| fact that steel and iron may be preserved 
| from rust by alkaliis well known to chem- 
| ists, and is considered to result from the ef- 
| fect of the alkali in neutralizing the carbon- 
ic acid contained in the water, as the car- 
bonie avid appears to be the chief cause of 
the rusting of steel and iron. 

This new method of sounding, depend- 
ing on the useof pianoforte wire was first 
publicly explained by Sir Wm. Phomson in 
the Mechanical Section of the British Asso- 
ciation at the Brighton Meeting, two years 
ago; and in the interval which has since 
elapsed it has come rapidly into important 
practical use. 








FRENCH PRESERVATION OF TIMBER FROM DECAY. 


From “The Building News.” 


A director of the French dockyards, 
and inspector of timber for naval purposes, 
and an officer of the Legion of Honor, 
ought to have something to say about the 
preservation of wood which is worth listen- 
ing to. It appears that it is a fact estab- 
lished by the agricultural statistics of 
France that the annual consumption of 
wood in that country considerably exceeds 
the reproduction, and consequently its pres- 
ervation for building purposes has now be- 
come a question of the very first import- 


ance. In short, by the continued impov- 
erishment of the. land in that particular, 
not only are the interests of the agricu!- 
tural and industrial population immediately 
affected, but their future requirements com- 
promised and endangered. Very few per- 
sons have even an approximate idea of the 
enormous consumption of timber which 
takes place annually in France. It is 
generally believed that the shipbuilders 
are the principal consumers, and this would 





be true, to a certain extent, if it only re- 
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lated to timber of extraordinary or unusual 
dimensions, but as regards quantity, the 
consumption for shipping is almost insig- 
nificant. M. Burat, Professor of Com- 
mercial Statistices in the Institution of 
Arts and Sciences, does not hesitate to es- 
timate the annual consumption of timber in 
France in building and manufactures at 
853,166,000 cubic feet, to which must be 
added, 1,059,498,000 cubic feet tor fire- 
wood, and 529,749,000 cubic feet made in- 
to charcoal. 

It has long been known that France is 
in a bad way so far as timber is concerned, 
and the scarcity of coal, and the conse- 
quent use of timber for firewood, complete- 
ly shuts her out from supplying England 
with wood, which she might do in course of 
years. For their own sakes it 1s to be re- 
gretted that the landlords object to having 
timber round their fields, and to replacing 
the timber they cut down. No one (who 
quite understands the timber trade) wants 
that agricultural lands should be taken 
from the plough to turn into forest lands, 
but a judicious cultivation of what may be 
called “ building trees” will always pay, 
and not impoverish the corn or other cereal 


M. De 


power production of the estate. 
Lapparent, aware of the scarcity, naturally 
seeks a remedy in making timber more 


durable by artificial means. Immersion in 
water is no doubt a beneficial process 
for timber to undergo, but how long should 
it remain under water in order to get rid of 
its sap, or of as much of it as possible? 
Evelyn says that a fortnight in river water 
is sufficient. M. De Lapparent recom- 
mends one year in river water; two years 
in fresh water frequently changed ; and 
three years in brackish water, which should 
always be changing. 

At the close of these several periods, the 
boards intended for planking should be 
tuken out to be in store, or they might be 
left to season themselves naturally for two 
years at least before being worked up. As to 
the rough ribs, seasoning in store would be 
totally sufficient, and it would require, 
after shaping but before putting together, 
to subject it to an artificial seasoning. 
There have been many plans of this descrip- 
tion in use for some time in France and 
Engla:.d, but they have only been applied 
to wood of moderate thickness, such as 
boards, flooring, and wainscoting. The 
plan adopted in London is the injection by 
means ofa ventilator of hot air into the 





drying stove where the wood is placed; by 
this the temperature is gradually and gent- 
ly raised until it reaches boiling heat. But 
as wood is one of the worst known conduc- 
tors of caloric, if this plan is applied to 
large logs, the interior fibers will retain 
their original bulk, while those near the 
surface have a tendency to shrink, the con- 
sequence of which would be cracks and 
splits of more or less depth. 

M. Guibert, of Touraville, near Cher- 
bourg, has taken out a patent which con- 
siste of filling the drying stove with smoke 
produced by the distillation of certain com- 
bustible matters, such as sawdust, waste 
tan, smith’s coal, &c. By means of a ven- 
tilator ingeniously arranged, a rotatory 
movement round the logs is given to the 
smoke, so as to obtain an average uniform 
temperature in every part. By this plan, 
as the distillation of combusti les is always 
attended with a considerable discharge of 
steam, all cracks avd splits appear to be 
prevented. In this factory, the author re- 
ferred to has seen a great number of boards 
prepared by this method, and all perfectly 
sound. 

Messrs. Légé and Fleury Pironnet have 
invented an apparatus for the injection of 
sulphate of copper into beech and poplar. 
If the wood is only required to be seasoned, 
a warm current of air is substituted for the 
liquid, and without doubt this process of 
seasoning would be the quickest, and we 
should avoid the cracks and splinters al- 
ways produced when dry and hot air only 
are applied. The great cost of the apparatus, 
and its complicated details, are, however, a 
drawback. 

Charring timber is an excellent mode of 
preservation, and Lapparent has an appar- 
atus for this object by the use of gas. The 
results obtained from experiments at the 
gasometer at Cherbourg, with the aid of a 
meter, and using a jet of average force, 
were :—Ist. Consumption of gas about 200 
litres per square meter, at 2U0 gallons per 
10 square feet of carbonized surface. 2nd. 
Workman’s average day’s work of 10 hours 
would carbonize 440 square feet. 3rd. 
One workman is sufficient for bellows sup- 
plying two jets of gas. At full work the 
expense would not exceed 14d. per 10 
square feet. The operation can be facili- 
tated by smearing, in the first instance, the 
surface of the timber with a little tar, and 
with the following advantages :—Ist. The 
carbonization of the cracks is facilitated. 
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2nd. It prevents the the timber being too | than our French neighbors, and it is to be 
suddenly affected by the heat of the gas, | sincerely hoped that the results will be 
which causes it to split. 3rd. It prevents | proved to be established facts, for it will ef- 
the cracking and splintering off of little ig- | fect a revolution in the building trade, pro- 
nited particles. Without going to. the | vided the process is inexpensive. In the 
length of saying that any means of produc- | mean time, and with the recent experience 
ing indestructible timber are here pro- | of disasters oecasioned by the imflammabil- 
pounded, still there is something worth re- | ity of timber and other causes, any contri- 


membering in every line. If the results of 
recent experiments in this country are con- 
firmed, we shall be in a far better position 


bution which tends to throw any light at 
all on the means to be pursued towards its 
preservation is very welcome. 





NOTE-BOOK MEMORANDA FOR 


RAILROAD BRIDGE CALCULA- 


TION. 


By E. SHERMAN GOULD, C. E, 


Written for Van Nostrand’s Magazine. 


The following is an attempt to establish | elling to the farther abutment, exercises a 


the calculation of strains in straight trusses, 
upon a few simple principles, the applica- 
tion of which will, it is believed, solve expe- 
ditiously and directly all cases of this very 
interesting problem. 


PRINCIPLES. 
1. The action of the panel weights of 


both truss and load, is concentrated at the 
apexes of the web members. 

2. The strain on the chords is maximum 
when the truss is entirely covered with the 
rolling load; the strain on any tie and cor- 
responding strut is maximum when it and 
the ties between it and the farther abut- 
ment only are loaded. 

8. The vertical strains, both fixed and 
rolling, and under all circumstances of load- 
ing, both uniform and partial, are trans- 
mitted in proportional parts to the abut- 
ments. 

4. All vertical strains passing through 
web members toward the same abutment, 
are of the same character, 7. é., all com- 
pressive or all tensile, while vertical strains 
passing through web members to opposite 
abutments are of opposite characters and 
exercise upon such members both com- 
pression and tension, and the actual strain 
upon such members is the algebraic sum of 
the two strains. 

5. The proportional part of the weight 
sustained by any given tie which travels to 
the nearer abutment exercises a tensile 
strain upon all ties and a compressive 
strain upon all struts between it and that 
abutment, while the proportional part trav- 
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compressive strain upon all ties, and a ten- 
sile strain upon all struts between it and 
the centre of the truss. From the centre to 
the farther abutment the previous charac- 
ter of strains is resumed, and the ties are 
strained in tension and the braces in com- 
pression. 

Notre.—When the truss sustains only its 
own weight, or is uniformly loaded, each tie 
and strut transmits a strain equal to the 
whole weight upon it to the nearer abut- 
ment. This is because the proportional 
parts travelling to the farther abutment are 
compensated by equal and opposite parts on 
the other side of the centre of the truss. 


ELEMENTS REQUIRED, 
L = length of truss, in panels. 
D = depth of truss, in panels, 
W = panel weight of truss, 
W’ = panel weight of load. 
w'=W+W4 
yi 


V 
tan Ww’ = — 
ential 


—_—; 
sec. 6 = ae = e 


Norze.—@ = angle which sloping members make 
with the vertical. 


PROCESS OF CALCULATION. 


1. Make a sketch of one-half of the pro- 
posed truss. It had better be drawn accu- 
rately to scale. 

2. Write the coefficient of the panel 
weight on each tie, directly and transmit- 
ted upon such tie and its corresponding 
strut, commencing at the centre. Add the 
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coefficients of each pair of sloping mem. | 
bers meeting at a common apex, and write 
the sum at such apex. If only one mem- 
ber is sloping, write its coefficient only at | 
the apex. | 

8. Obtain the maximum horizontal strain | 
in each panel, beginning at the abutment, | 
by multiplying tan. 0 W" by the coeffi- 
cients of the apexes, and adding the results 
and writing them on each panel length. 

4. Obtain maximum vertical strains by 
(a) tabulating the strains in each tie and 
strut when under truss weight alone, mul- 
tiplying for this, W by the co-efficient 
marked on each tie and strut, and (b) by} 
conceiving the whole truss to be covered! 





Fig. 


¥ 


with the rolling load (LW) and this weight 
then removed panel by panel from the 
abutment to the centre of truss, tabulating 
successively the strain from rolling load in 
each tie and its strut as it becomes the last 
in the loaded segment. This is done by 
making the number of panels in the loaded 
segment which the tie under calculation 
closes, the first term of a decreasing series of 
which the number of systems in the truss (one, 
two, etc., according as the truss is a simple, 
double, ete., truss) is the ratio. The sum 
of this series, multiplied by W’ and divided 
by L gives the maximum vertical strain 
from rolling load, for the given tie. This 
strain, added to that, already tabulated, of 
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truss load, gives total maximum vertical 
strain, and being multiplied by sec. 0, gives 
actual maximum strain in ties and struts. 

These strains may be checked by recol- 
lecting that the maximum strain on any tie 
is equal to the strain on that tie when the 
whole truss is covered with the rolling load, 
plus the strain sent through it to the far- 
ther abutment by the rolling weight of the 
samo system between it and the nearer 
abutment. 
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APPLICATION. 


Let Fig. 1 represent half of a double 
Warren truss, of the following elements : 


L =16 
D =1 56. 
W = 5 tons. 
W’ = 10 tons. 
W’’= 15 tons. 
tan. 6 X W’ = 10 tons. 
sec. 9 = 1.2. 


Operating as described above, we get the 


2 


TABLE 1. 








1. 


No. of Tie and 
Strut. 
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63. 
54. 
46. 
89. 
81.6 
24, 
18. 











coefficients marked on the ties and struts in 
the sketch, and from there the apex coeffi- 
cients and horizontal strains marked on the 
panel lengths of upper and lower chords. | 
In calculating the maximum strains in 


struts and ties, we use the decreasing series 
mentioned above, the ratio being 2, that 
being the number of systems in the truss. 
Thus, supposing the 12th tie was under 
calculation, we should have: 
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Ww’ | column, is the same as that of the first cal- 
i +O+0+6+t+R= 26.25 | culation in the 4th column. The 8th col- 
tons. en shows the actual strain, obtained by 
This added to 2.5 W = 12.5 tons, gives! multiplication by sec. 4. 
88.75 tons for total maximum vertical strain} The numbers in the first column refer to 
on this tie and corresponding strut. To the ties, counting from the abutment, and 
apply the check we have on this tie, when | apply also to the corresponding struts. The 
the truss is fully covered with rolling load, | first strut, however, being vertical, does not 
2.5 W"= 37.5 tons. The apex between it | require the multiplication by sec. 4. 
and the nearer abutment sends ;4, W’=1.25| If the truss had been simple, 7. ¢., con- 
tons through it to the farther abutment, | taining only one system of bracing, the cal- 
making a total of 38.75 tons, as above. (culation would have been similar, as it 
We have, therefore, the following table would also be, did the truss contain 3 or 
of strains on ties and struts, beginning at | more systems. 
the abutment. (See Table 1.) | As an example of a simple system of 
The 5th and 6th columns contain the check | bracing, we have in Fig. 2 the half of a 
calculation, the result of which, in the 7th; Howe truss; the elements being the same 
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as before; the coefficient and horizontal panel | on the centre strut must be doubled for the 
strains are shown in the sketch. ‘The fol- | centre tie, as it (the tie) sustains a whole 
lowing table shows the maximum vertical panel weight, which is divided between the 
strains, observing that the ties, being verti-| two centre struts. The coefficients are 
cal, should not have their strains multi- | marked on the struts alone, as the ties have 
plied by the secant. Also, that the strain | no horizontal components. 


TABLE 2. 
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In simple trusses like the Howe, these} It will be perceived that in order not to 
strains are a little in excess of the true| complicate the figure in the above example, 


maximum vertical strains, as there is al-| the counter braces are omitted. As the 
ways a half a panel weight of rolling load | main office of these members is to stiffen 
(=) acting as a subtractive element, but | yt sg in which service they sustain an 

uniform strain of one panel weight of roll- 
this is omitted, being an error on the side ing load on each counter, they should be 
of safety, to avoid complicating the calcula. | calculated to receive this strain without 
lation. It can easily be taken account of if | flexure, in which case they will be probably 
required. | always more than sufficiently strong to re- 
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sist any direct shearing strain which may 
come upon them. For instance, in the 
present case, let us see what direct shear- 
ing strain can come upon the counter brace 
next the centre—which is the one most 
strained—when the truss is half covered 
with the rolling load, which is the condi- 
tion entailing the heaviest shearing strain 
on the counters. By summation of series, 
we will find a compressive strain upon it of 


28 ~ = 17.50 tons, and a tensile strain of 


w w 
It+T Ww 
the centre, leaves only — on the centre tie, 
half of which goes to each abutment) = 5 
tons. Total compression 12.5 tons, or only 
2.5 tons in excess of the stiffening strain. 
In the previous example of a double 
Warren truss, the greatest shearing strain, 
under similar circumstances, would come 
upon the strut at the centre, marked with 
the coefficient 0. This would sustain ten- 


(the rolling load reaching only to 


sion to the amount of r 1610 tons, against 


which there is no compression to set off. 
We have, therefore, a total of 10 tons ten- 
sion on this member, just what is called for 
by the stiffening strain. 

The above process of calculation applies 
to all kinds of straight trusses. The only 
kind of truss likely to cause any difficulty in 
its calculation is the Post, and some kinds of 
multiple lattice trusses. These are suffi- 
ciently discussed in No. 39, Vol. VI. of this 
magazine to render any farther notice of 
them unnecessary. 

The following formulas for strains in 
straight flanged girders, resting on two sup- 
ports or abutments, and variously loaded, 
may be found convenient. Some of them 
are believed to be new: 


W = weight = 10 tons in the examples. 

L = length between abuiments = 12 ft. in the 
examples. 

D = effective depth, = 1 ft. in the examples. 


1st Case.—Girder sustaining a single 
weight, at centre. 
Horizontal strain, at centre— 
WL 
8 => aD . 
At a point distant ~ from nearer abut- 


ment— 
Wna 
s= 2D ° 





Vertical strain throughout— 
Ww 
8 -} . 
2d Case.—Girder sustaining weight at a 
point distant p from either abutment— 
usually taken from nearer one. 
Horizontal strain, at point of application, 


Ww 
ea..! i, 
8=; Lo p). 


At a point distant n from nearer abut- 
ment, p being also counted from nearer 
abutment. 


Ist. When p and n count from same 
abutment 


Wn 
S=p, — P)- 


Ex.—Let n = 2 ft. from left hand abut- 
ment. 
Let p = 3 ft. from left hand abut- 
meut. 
S = 15 tons. 


2d. When n and p count from opposite 


abutments 
Wa 


= DL - Pe 
Fe. Let n = 2 ft. from right hand abut- 
ment. 
p = 3 ft. from left hand abut- 
ment. 
S = 5 tons. 


Vertical strain. Let p’ = L — p. Then 
vertical strain between point of application 
and nearer abutment— 

p/w 


, 


8 


and between point of application and farther 
abutment— 
—?PW 
s= L’ 
38d Case.—Girder covered with uniform- 
ly distributed load. 
Horizontal strain at centre— 
wt 


i= —, 


ob 
at a point distant m from either abutment, 
usually taken from nearer— 
a 
~ 2DL 
Vertical strain at any pojnt distant n from 
nearer abutment 


Ww 
S51, (L — 2n), 


(Ln — n?*). 
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or, if W’ = 4 = weight per unit of length 


of girder— 


Ww 
s= 2 (m - n), 


m being = L — n. 

The greatest vertical strain comes on any 
section of girder when it is only loaded 
from such section to farther abutment. It 
then exceeds the strain at such section 
when under uniformly distributed load by 


Wme . W'm* 
‘a ** “a 
W' being as 


length of the unloaded segment. 
4'h Case.—Girder loaded with an uni- 
formly distributed weight W, as in previ- 


before = *, and m being the 





ous case, and also with a single weight, W’ 
applied at a point distant p from nearer 
abutment as in Case 2. Required, the 
point of maximum horitontal pressure, dis- 
tant « from nearer abutment, and amount 
of strain at this point. 

N. B. The point of maximum horizontal 
pressure is that around which the reactions 
of the two abutments are equal. 


_ LW+2nW' 
*=-Twt+w” 

Let z’ = L—«2. Then 
2! 7 = ° 
Ex. Let p = 3 ft. and W’ = 10 tons. 


Then 4.5 ft., and 


c= 
S = 382.8 tons. 





BUILDING IN CONCRETE. 


By W.C. HOMERSHAM, C, E. 


From the ‘+ Journal of Society of Arts,’’ 


In the portion of waste ground near the | 
machinery room, known as the Western 
Annexe, there are four firms exhibiting | 
buildings of concrete in course of erection. 
As it is intended to carry on the process of 
building during the next few months, it is 
only pessible to describe the erections as 
they now are, and it must be remembered 
that they are from day to day continually 
changing. 


wrought-iron rolled joist was embedded in 
the concrete. 

Another exhibitor, Mr. Tall, has a house 
17 ft., 6 in. by 16 ft., on the plan, in inter- 
nal dimensions, in about the same stage of 
erection as the one already referred to. In 
this structure there are no stairs or means 
of communication internally between the 
ground and upper floors. The upper floor 
|is completed, and covers the entire space 


One exhibitor, Mr. Drake, is building a|enclosed by the walls. The underside of 
two-story house 12 ft., 6 in. square in in-|the upper floor, that is the ceiling of the 
ternal dimensions, with walls nine inches | ground-floor room, is slightly domed. The 
in thickness throughout. Tae walls are at | walls, which are twelve inches in thickness, 
present carried up a few feet higher than | and the flooring, are composed of Portland 
the level of the first floor, whic’ is finished | cement concrete, gauged in the proportion 
off, as also are the stairs leading thereto. | of one part of coment to seven parts of hard 
The steps are very neatly moulded in con-|lumps of burnt clay, technically termed 
crete, and have much the appearance of |“ burnt bullast,” mixed with sand, for the 
having been worked out of sandstone. The| former, and in the proportion of one to 
concrete in the walls of this building is| five of burnt ballast and sand for the lat- 
composed of a compound of Portland ce-| ter. 
ment and selenitic lime, gauged one part of} There are also a set of six concrete 


the compound (one-third Portland cement, 
two-thirds selenitic lime) to seven parts of 
gravel containing a suitable proportion of 
sand. The stairs and first floor are made 
of concrete gauged with pure Portland ce- 
ment and gravel, in the proportion of one 
part of the former to five of the latter. In 
the construction of the first floor one light 





rooms, erected by Mr. Nichols, for the pur- 
pose of testing the stoves sent in for the 
Society’s prizes. Though these were not 
built specially for purposes of exhibition 
they may be regarded as giving with the 
other buildings specimens of this mode of 
construction. It must be borne in mind 
that the walls have not been faced, but re- 
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main in the rough state in which they have 
left the mould. 

A fourth exhibitor, Mr. Lish, is showing 
a material he calls “ Tilo-concrete.” In 
this case a single room with door and win- 
dow is being built, and the material is con- 
crete faced with tile and terra-cotta mould- 
ings. The tiles are arranged in a support- 
ing frame in their proper position, and con- 
crete filled in behind. They are formed 
with a dovetail or feather behind, round 
which the concrete sets and holds them 
fast. The etfect is thus produced of a 
smooth tiled wall. The cost is stated to be 
about the same as that of the best brick- 
work. A principal feature of this exhibit 
is the method of construction employed. 
At the commencement of the work “ guide 
screws ” (in place of the external uprights 
now in use) are set in the foundation 
trenches and “plumbed,” when the con- 
crete for foundations is filled in round them; 
after this material has set, these “‘ guides” 
are screwed up to receive cross-heads, from 
which the wall panels are suspended. For 
building ordinary concrete walls plain 
wooden panels are used, but when the work 
has to be faced with tiles a skeleton iron 


panel is employed with rebated bearers to 
retain the tiles accurately in position un- 


til each day’s work has set. When one 
portion is sufficiently set, by means of 
screws the panels and the platform which 
rests on them, and servesinstead of a scaf- 
folding, are raised, and the work continued 
as before. 

There is one fact noticeable in all the ex- 
hibits in a greater or less degree, and that 
is the ignorance shown by the constructors 
of the great strength of concrete to bear 
strains, tensile and other. There can be 
no doubt that the insertion of the wrought- 
iron rolled joist in the flooring, of which a 
plan is given in the figure, is a source of 
weakness rather than of strength. Port- 
land cement concrete will not adhere to a 
surface of iron with anything like the same 
amount of force that the particles of which 
it is composed hold to each other. In that 
building also, which is entirely covered 
with a domed ceiling in concrete, a mistake 
appears to have been made. Are walls 
twelve inches in thickness, and nearly as 
many feet in height, adapted to take the 
thrust at the top of a very flat arch? 
Would not a floor of uniform thickness and 
containing less material (concrete) have 
been the stronger? To enable the reader 





to form an opinion for himself on the sub- 
ject of the latter question, some facts will be 
hereafter given concerning the strength of 
Portland cement concrete. A thorovgh ex- 
amination of the structure, of which a plan 
of the first floor is given in the figure, must 
alone convince the most skeptical on the 
point of the great value of concrete in 
Portland cement as a building material, 
not only for the walls, but for the flooring 
of every storey and the roofing of houses of 
every description. The overhanging corner 
of the flooring at the weil for the stairs, 
in no way supported from below, is quite 
firm and free from vibration when walked 
upon or even when jumped upon by two 
youths of an aggregate weight of over 2 
ewt. The floor is seven and a-half inches 
in thickness. 

From the results of experiments made 
some years since, it can safely be affirmed 
that the staging necessary for carrying 
a concrete floor, in green or wet state, of a 
room say twelve feet six inches in width, 
by twenty-five feet or any other dimensions 
in length, may be struck in a week after 
the completion of the floor if the concrete be 
only six inches in uniform thickness, and 
gauged in such proportions that every cubic 
yard when in sifu contains four bushels of 
cement and six bushels of clean, sharp, sili- 
cious sand. One month after the concrete 
has set, the floor would be capable of sus- 
taining an equally distributed load of one 
hundred-weight per foot superficial, and 
twelve months after, an equally distributed 
load of four hundred-weight per foot super- 
ficial. If the thickness of the flooring be 
increased to twelve inches, and the con- 
crete be gauged as above, a room nineteen 
feet six inches in width by forty feet or 
any other dimensions in length, may be 
covered, with the results as to strength the 
same as those given for the room twelve 
feet six inches in width. 

The roof of a room twelve feet six inches 
in width may be formed with a layer of 
concrete four inches in thickness, and that 
for a room twenty feet in width need not 
exceed nine inches in thickness. Concrete 
in Portland cement is admirably adapted 
for the construction of roofs of buildings; 
concrete is far less pervious to water than 
the best brickwork, and when its surface is 
rendered with a thin coating of compo, 
gauged one of Portland cement to one of 
sand, it is perfectly impervious to damp, 
though it be kept covered with water. The 
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fact may not be generally known that Port- 
land cement compo has not that tendency 
to peel off when on concrete in cement, 
which impairs its efficacy asa facing for 
brickwork. This is accounted for partly 
by the surface of concrete (being rough) 
forming a capital key for the compo, but 
principally by the far more important fact, 
that there is no damp in Portiand cement 
concrete after it has thoroughly set. Brick- 
work absorbs and retains moisture, which, 
being acted upon by frost, swells, and lifts 
the plaster from the smooth surface of 
brickwork. Such cannot be the case with 
concrete. - 

Not only is a coating of Portland cement 
compo valuable on the top surface of the 
layer of concrete forming a roof, as a pro- 
tection against damp, but it forms an ex- 
cellent surface for the flooring of a build- 
ing. A surface of Portland cement compo 
resists the action of the tread quite as well, 
if not better, than some of the superior 
sorts of stone used for making steps. 

The public might here derive great ad- 
vantage from the practical manner in 


which the four exhibitors have explained | 
their respective ideas on the subject of 


building in concrete. The houses they are 
in the act of constructing will doubtless do 
much during the season to convince many 
a visitor that it is possible to construct not 
only cottages but mansions the most exten- 
sive in concrete. A structure composed 
solely of concrete in the stairs, floors, and 
roof, as well as walls, is practically mono- 
lithic, and not only perfectly water and 
damp proof, but as nearly as can be con 
ceived proof against the ravages of that all- 
devouring element—fire. By forming the 
division walls between the various rooms, 
of Portland cement concrete, each room will 
be rendered sound-proof, concrete being an 
excellent non-conductor of sound. The con- 
crete for the walls of buildings need not 
contain more than ‘three bushels of Port- 
land cement and six bushels of sand per 
eubic yard. In critically examining’ the 
structures in concrete being constructed in 


the Western Annexe, the visitor must not | 


lose sight of the fact that the exhibits are 
made by firms desirous of calling the atten- 
tion of the public to particular forms of ap- 
paratus for facilitating construction in con- 
crete, and not by architects desirous of ven- 
tilating their professional abilities in the 
art of adapting a comparatively speaking 
novel material to building purposes. Had 


the case been otherwise, there is no reason 
nc doubt there would have been no draw- 
back to the efforts made by the exhibitors in 
an architectural point of view, such as there 
is at present. The sur‘aces of the walls 
and ceiling of some of the structures are in 
the rough state, and exemplify the truth of 
that which has been stated above concern- 
ing the excellent key that can be left on 
the surface of concrete for a rendering of 
compo. The inner and outer surfaces of 
the walls, etc., of the building erected by 
one of the exhibitors are finished off, and 
have a very neat and clean appearance, 
though it must be owned the sight reminds 
one too much of our suburban builders’ 
style of architecture. The writer has seen 
some very handsome facework on concrete 





made by imbedding split flints therein, 
with the split face exposed. How many 
lovers of good architecture have walked 
| miles to examine a particularly fine piece of 
flintwork, such as is to be seen at St Au- 
gustine’s Monastery, Canterbury, and in 
many other old buildings in that city? 
Why should not we of the present genera- 
tion attempt at any rate to vie with our an- 
cestors in this particular art, if such a use 
of the term may be permitted? In chalk 
countries where suitable flints are plentiful, 
field laborers are generally to be found who 





have been taught the knack of splitting 
flints. In places where such is the case, a 
facing of split flints exceeds but little in 
| cost that of forming a face of compo. 

For cottages and outhouses, etc, a very 
clean and neat face may be given to the 
walls and ceiling by placing a course of 
pebbles on the exterior surfaces. The peb- 
bles when their outer surfaces have been 
freed from any compo that may have passed 
between them during the time of the set- 
ting of the concrete, form a surface that is 
agreeable to the sight and capable of re- 
ceiving any amount of relief or ornament 
in compo, the surface being so admirably 
adapted to key the same. «Little more need 
here be said on the subject of embellish- 





ment in concrete, as there are many mem- 
| bers of the engineering, and doubtless of 
the architectural profession also, who 
| could and would design and build a struc- 
ture wholly in concrete that would prove 
| as pleasing to the great majority of persons 
|of taste in such matters as if it were con- 
| structed with brickwork and stone. 
Notwithstanding that the exhibits prove 
the great strength of Portland cement cun- 
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erete, they present no data on which to cal- 
culate the exact strength of any particular 
piece of flooring or wall. Mr. John Grant, 
O. E., of the Metropolitan Board of Works, 
investigated the subjectof the properties and 
strength cf Portland cement, and has given 
the valuable and thoroughly reliable re- 
sults to the world in papers read before the 
members of the Institution of Civil Engin- 
eers. The first paper was read by Mr. 
Grant in the session 1855-6, and will be 
found in the 25th volume of the Minutes of 
Proceedings of the Institution of Civil En- 





gineers, and a second paper was read in 
the session of 70-2, and will be found in 
the 32d volume of the Proceedings. 

The following table gives the results of 
experiments made by M?. Grant on the 
tensile strength of Portland cement. weigh- 
ing 112 lbs. per imperial bushel, gauged 
neat, and also with various proportions of 
clean, sharp, silicious and other sand, after 
having been kept under water respectively 
one week, one month and twelve months, 
the particulars of which will be found in 
the papers :— 


Tapies or THE TENSILE STRENGTH IN Pounps Avorrpupors or Sections (1$ rm. X 14 rm. =) 24 IncHES 
IN AREA OF PorTLAND CEMENT, WHEN GAUGED WITH 








|| | 
Cuxan, Suarp, Prr SAND, AFTER || CLeaAn Tuames SAND, AFTER 
1] 


Loamy Sanp, AFTER 





In THE Pro- 
PURTION OF 


One One 


month, 


One 


One i} 
week 


year. 


One One One 





680 
826 
166 
91 
71 
49 


445 
152 


1,076 
796 
607 
424 
318 
216 


44 














122 














From the same authority the materials 
are drawn for the following :— 


TABLE OF THE CoMPRESSIVE STRENGTH IN TONS OF 
Sunraces (9 In. X 4} IN, =) 38} IN. AREA OF 








PorTLAND CEMENT WHEN GAUGED WITH 
Curan, SHarp, Pir SAND, AFTER 

Iv THE Pro- 

PORTION OF 





Nine 


months. 


Three 
months. 


Six 
months, 





43 
34 
24 
23 
16 


59 
47 





65 | 








It is stated also in the same papers that 
the crushing weight of a good stock brick 
laid on the flat (area about 9 in. X 4} in. 
=5%81 in.) is 34 tons, that of a wire-cut 
g ult brick 33 tons, of a compressed gault 
brick 35 tons, of a brimstone Suffolk brick 
44 tons, and that of a fire-brick 63 tons. 
A hre-brick though it offers nearly double 
the resistance to a crushing force that stock 
brick does, is only as powerful to resist a 





compressive strain as is a similar brick of 


Portland cement gauged with double its . 
bulk of sand, at the end of twelve months. 

The transverse strength of fixed slabs of 
concrete in Portland cement may be caleu- 
lated by the following formula, when the 
concrete has been made of first-rate materi- 
als and thoroughly incorporated with four 
bushels of cement of the first quality, and 
six bushels of clean, sharp, silicious sand, 
per cubic yard. 

Let A represent the area of the transverse 
section of a slab, and D the thickness there- 
of, both in inches, L the length of span in 
feet, and W the equally distributed load in 
ewts. that will cause a rupture in the con- 
crete at the end of a week, after the con- 
crete has been left to set, then 


AD 
iL =: 

The constant is 1-6 in place of 4 for the 
strength at the end of a month, and 0.56 
for the strength at the end of a year. 

Example.—What amount of uniformly 
distributed load will a slab of Portland ce- 
ment concrete (gauged with 4 bushels of 
cement, and six bushels of sand per cubic 
yard), 15 ft. in length by 1 ft. in width, 
and 6 in. in thickness, bear at the end of a 
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week, a month, and a year when fixed on 
bearings 13 ft. apart. 
in. in. in. in, 
Area (12 X6=)72X 6 

= 8.3 cewts. at the end of 

4x13 a week. 

72X<X 6 

— = 20.76 cwts. at the end 

of a month. 


——-—— = 59.34 ewts. at the end 
-56 X 13 of a year. 


The weight of the concrete itself often 
forms an important item in the amount of the 
load to be carried, particularly when the 
— of the span or opening is considera- 
ble. 

Concrete varies considerably in density, 
but in calculating the amount of the weight 
as a quiescent load, it will suffice for all 
practical purposes to take the weight of a 
cubit foot at 1.2 ewt., which is equal to 0.1 
ewt. per foot superficial for each inch in 
thickness of a slab of cement. 

The weight of a six-inch slab of concrete, 
1 ft. in width by 13 ft. in length (between 
the bearings) so calculated is (1 & 13 « .6 
=) 7.8 cwt. 

By the foregoing calculations it appears 
that such a slab after it has been made a 
week is.capable of sustaining an uniformly 
distributed load of 8.3 ewt., or .5 ewt. in 
excess of the quiescent load in the shape of 
the weight of the concrete itself. It fol- 
lows that the supporting staging may be 
struck with safety at the end of a week. 

At the expiration of one month the trans- 
verse strength of the slab isincreased so great- 
ly as to enable the slab to bear a uniformly 
distributed load of 20.76 cwt. in the gross 
or (20.76—7.8==)12.96 ewt., independent 
of the weight of the concrete. Again, at 
the end of a year the transverse strength is 
further increased, and the slab will sustain 
59.34 ewt., uniformly distributed in total, 
or (59.34—7.8=) 51.54 ewt., independent 
of its own weight. In other words, a six- 
inch slab of Portland cement concrete, 1 ft. 
in width, spanning an opening of 13 ft., is 
capable of sustaining, after it has been 
made twelve months, an uniformly distrib- 
uted load equal to nearly 4 (3.96) ewt. 
per ft. superficial. To attain uniformity in 
the strength of concrete, so essential in the 
construction of monolithic floors and roof- 
ing, it is advisable to adopt the French sys- 
tem of mixing, that is, gauging the cement 
and sand into a compo in the first instance, 
and then adding’ clean-washed shingle or 





burnt ballast, or a mixture of the two, in 
the proportion necessary, according to the 
nature of the work to be executed. 

Great attention must be paid to the 
quality of all the materials used in making 
concrete in Portland cement, even to the 
water, which should be perfectly clean. 
The weight of the cement per imperial 
bushel should not exceed 116 lbs., or be 
less than 112 lbs., when dropped into the 
measure from a board fixed, say 2 ft. 
above the top of the measure. The sand 
should be rather large-grained, sharp, sili- 
cious sand, and must be washed perfectly 
free from loam or other extraneous matter. 
The shingle also should be washed free 
from particles of sand as well of loam and 
other foreign matters. The thorough in- 
corporation of the cement and sand is facili- 
tated by mixing them dry under edge-run- 
ners for a period of five minutes for each 
portion of sand there is to one of cement 
before adding the water; thus, in the con- 
erete for the floors, the writer would recom- 
mend the compo to be gauged one and a- 
half of sand to one of cement, therefore it 
should be mixed dry under edge-runners for 
(5<14=) 74 minutes. In the concrete for 
walls if the compo be gauged at two of 
sand to one of cement, the time of mixing 
dry should be (5 X 2) 10 minutes; and 
when the nature of the work to be executed 
is such as to permit of the compo being 
gauged three of sand to one of cement, 
then the time must be extended to fifteen 
minutes. 

The prime cost of concrete varies consider- 
able according to the site on which it is 
used and the nature of the work to be exe- 
cuted. Thick walls of a building in con- 
crete, as in brickwork, are less expensive 
per cubic yard to construct than walls that 
are thin. Boundary or garden walls may 
be constructed with safety of concrete 
gauged in such proportions that each cubic 
yard contains only two and a-half bushels 
of Portland cement and seven bushels of 
sand. 

The public have the advantage of seeing 
in the exhibits two distinct materials used 
to form the body of the concrete—gravel 
and burnt ballast. Both make equally 
good and strong concrete; but perhaps 
concrete of burnt ballast is to be preferred 
for the construction of flooring and roofs. 
It is both lighter and better adapted to re- 
sist the action of- fire than concrete of 
gravel. 
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The first cost of cottages in concrete, 
with concrete stairs, floor, and roof, is from 
30 to 40 per cent. less than a building of 
brickwork, with slate roof and timber 
floors. Besides first cost, the cost of main- 
tenance has to be taken into consideration 
in determining the actual value of any 
property. This is entirely on the side of 
concrete as a building material. There have 
been many cases where far larger sums 
have been expended, and fairly expended, 
in breaking up 4 piece of good concrete in 
cement than it cost in making. 

To enable the reader to form an approx- 
imate idea of the cost uf Port!and cement 
concrete in situ in a cottage or two-story 
building, it may be mentioned that the cost 
for labor of all kinds should not exceed 2s. 
9d., but say, 3s. per cubic yard or £1 14s. 
per rod. The cost of Portland cement may 
be taken at 2s. 6d. per bushel delivered on 
to the works, including the cost of testing. 
The paper read by Mr. Grant before the 
members of the Institution of Civil Engin- 
eers (see 26th volume of the Proceedings) 
concludes with a most needful warning 
from the author against the use of Port- 
land cement, by any engineer or architect 
who is not prepared to take the trouble 
and incur the expense of thoroughly test- 
ing every buik of cement on its delivery on 
the site of the works. 

First-class concrete for floors and roofs, 
as has been shown, requires 4 bushels per 
cubic yard, or 453 bushels per rod, making 
the cost for Portland cement 10s. per cubic 
yard. or £5 13s. 6d. per rod. 

Concrete of the second class, for walls of 
buildings, contains 3 bushels per cubic 
yard, or 34 bushels per rod, the cost of 
which is respectively 7s. 6d. and £4 5s. 

In garden walls and steps for stairs 
the cost of the cement is only 6s. 3d. per 
cubic yard, or a little less than £3 10s. per 
rod. Two and a-half bushels per yard, 
or twenty-eight bushels and a third per 
rod, are thus all the cement that is re- 
quired. 

Should there be a pit of good clean 
gravel handy to the site of the works, to 
produce the necessary quantities of shingle 
and sand, the cost of the gravel to make 
one cubic yard of concrete should not ex- 
ceed, say 15d., including carting, screening, 
and washing, that is, 14s. 2d per rod. 
When the cost of getting first-class gravel 
on to the ground exceeds 3s. or 3s. 6d. for 
the quantity necessary to make a cubic 





yard of concrete, it may prove more econom- 
ical to burn clay from the foundations of 
the buildings, etc., and make burnt bal- 
last. 

The minimum cost of burning ballast 
when clay fit for the purpose is found on 
the site of the works may be put down at 
3s. per cubic yard, including the cost of 
labor in sifting and washing, but not of 
providing the necessary quantity of water. 
‘The quantity of water required for washing 
and soaking burnt ballast is about 20 gal- 
lons per cubic yard, or a ton weight per 
rod. One half that quantity will suffice for 
washing good gravel, containing the proper 
proportion of clean sharp silicious sand; 
such only should be used in making con- 
crete. The quantity of water requisite for 
gauging the compo is about three gallons 
per bushel of Portland cement and one gal- 
lon per bushel of damp sand. 

This case will prove to be very excep- 
tional where the cost of Portland cement 
concrete in situ in a building proves to be 
on the average less than 1Us., or more 
than 16s. per cubic yard, 7. ¢., £5 13s. 6d., 
or £9 Is. 6d. per rod. 

In Room 22 of the International Exhibi- 
tion will be found samples of Portland ce- 
ment and of blocks of compo thereof gauged 
neat, that have been tested, and when 
broken the amount of the tensile strain 
which broke it may be seen marked on 
each. 

The “testing machine for cement,” ex- 
hibited in the same room (No. 5,719), is by 
no means satisfactory; it compares very 
unfavorably with the excellent, delicate, 
end well-adapted instrument used by Mr. 
Grant in making all the experiments of 
which he gives the particulars in his papers 
before referred to. In testing with an in- 
strument of the pattern adopted by Mr. 
Grant, the block of compo cannot be sub- 
jected to any amount of jar or vibration, 
and the exact breaking weight to a pound 
is registered. 

In Room 22 will also be found exhibits 
of the Selenitic Cement Company (limited) 
and of that made by Alex. McClean and 
Company. They both deserve the careful 
consideration of any person interested in 
building operations, and particular of those 
contemplating building in concrete. The 
“superfine quality” cement exhibited by 
the latter is very white, and takes a very 
high polish, as it is exemplified by some of 
the articles in the exhibition. 
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A FEW OF THE ESTHETIC PRINCIPLES OF ARCHITECTURE. 
Br (©, A. EVANS, ©. E. 


Written for Van Nostrand’s Magazine. 


The principal object of architecture is to | 


build well as regards stability and conven- | 
ienve. Still it extends beyond this point in- | 
to the domain of taste, and aims at giving 
a suitable expression to a contemplated | 
structure. A consideration of some of the | 
principles in this latter branch of the art, | 
will form the subject of the following re- | 
marks. 

Evidently the expression desired must be | 
varied to suit each class of buildings. A | 
theatre should express in its style the fes- | 
tivity to which it is devoted, a house of | 
legislation should appear grand, a dwelling | 
polite, a villa inviting. Such expressions | 
are to be attained, however, without sacri- 
fice of either strength or convenience, and | 
without the introduction of unnecessary | 
features. Success depends mainly upon | 
the education given to the taste; which is | 
most effectually acquired by means of an | 
enlightened observation through art and | 
nature. The rarity of its possession will 


account for the many failures to produce | 


fine buildings. Sometimes false ideas of | 
what constitutes the skill of an artist, con- | 
tribute to the same unhappy end. For in- | 
stance, it is very generally regarded as an | 
index of architectural talent, the ability to | 
make fanciful designs which shall not re- | 
semble, either in outline or details, any | 
other structure previously erected. These 

designs are most always pleasing on paper, 

it is true; but afterwards, when carried 

out in stone, they do not give as much satis- 

faction. As in literature, such exuber- 

ances are indicative of more vigor of imag- 

ination than correctness of taste. Thought 

plays in them a subordinate part to fancy, 

which inspires the whole. The severely 

pure, in which geuius appears at times a 

ittle rough, but always very grand, where 

the art is too deep to be seen, and, still, too 

powerful not to be felt, is preferable by far 

to easier and gaudier work. 

Taste then, upon which so much depends, 
is, to a great extent, a child of circum- 
stances. ‘These are greatly determined by 
peculiarities of race, which in turn are in- 
fluenced by climate ; so that there exists no 
one standard by which to form taste. Yet 
it is subject to law, however powerful the 
influences which’ tend to modify it, how- 


ever contrasting the various shades of its 
character. Who that looks on Grecian art 
can consider its efforts as either fitful or 
accidental in their production? The lead- 
ing principles in these works were derived 
from nature. The Greeks allowed her to 
speak ; their acts were guided by her voice 
until their country fell, and had fulfilled its 
destiny. They studied nature, not as we, 
by dissecting, classifying, pondering over 
her economy, but by viewing her with eyes 
and feelings of artists. The drooping leaf, 
the lion’s mien, the human form, each was 
to them full of expression. Not contert, 
however, with simply contemplating her 
beauties, they roused their minds to the 
search of the principles by the aid of which 
she gave character to her productions. 
And they succeeded better both in discov- 
ery and applying them than any other race 
of which record remains. In modern 
times painters have, as a rule, followed 
nature more closely than architects. This 
will appear when we consider that the first 
works with the concrete and the abstract 
united, while the second’ does not, and 
must separate the one from the other in or- 
der to utilize the abstract. 

Such a separation having been always 
attended with great difficulty, and much 
patience, architects have become accus- 
tomed, and indeed, in some measure forced 
to rely almost exclusively upon the eye and 
fancy. Though these are guides easier to 
follow, yet are they also inferior to the 
teachings of nature. Sometimes from edu- 
cation, often from prejudice, many doubt 
that architecture is susceptible of any 
method of treatment different from this 
usual one. A few others have regarded 
economy and convenience as the sole objects 
to be kept in view when designing. As too 
expensive, therefore, they have banished 
the Ionic and Corinthian capitals from the 
art. But a system of architecture which 
will not permit these capitals being used 
is indicative of ideas too extreme to find 
support in those who cling to the chaste 
and the beautiful. Economy and cunve- 
nience are fundamental principles in archi- 
tecture, and the direction in which they 
point is the correct one. Yet it is not 
natural for attention to be concentrated ex- 
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clusively on utilitarian points. The mind 
seeks instinctively to adorn what it produces. 
With better judgment, and in imitation of 
the ancients, others again have applied 
themselves to the task of investigating the 
various means which nature employs to 
give expression. 

Foremost among the results of their 
labors we may notice that, in animals, the 
idea of str ngth is conveyed to the mind 
mostly by angularity. When this princi- 
- is applied, many sharp contrasts of 
ight and shade are produced. Curvature 
and roundness on the contrary, are expres- 
sive of elegance; and shade, in this case, 
passes into light by gradation. Reflected 
curves, so extensively found in the female 
form, are symbolical of the highest beauty. 
Round bodies, like the trunks of trees, 
have an air of strength only when their 
surfaces are roughened. Hence, in obedi- 
ence to the furegoing principles, whenever 
it is desired to express strength, angularity 
must be found among the characteristics 
introduced. This object is attained in a de- 
sign, but only partly, by making the voids 
and projections rectangular in elevation. In 
spanning openings with arches their shape 
is softened; there is gained in elegance 
what is lost in power. Angularity, though 
the main characteristic of strength, yet, 
alone, is not sufficient to denote it fully, 
and must be combined with breadth. A 
different practice, by combining height 
with angularity, leads to majesty; while 
height with roundness gives elegance in its 
greatest intensity. 

These principles are true to nature. We 
all recognize that the pine has a different 
aspect from the oak. The one is tall and 
majestic; the other broad and strong. The 
pine stately bends to the breeze; the oak 
staunchly resists the tempest. And, among 
the flowers, does not the lily owe its ele- 
gance to its slender proportions? In the 
animal, as in the vegetable kingdom, the 
same principles reign. The deer we take 
as an emblem of beauty, and the lion as a 
representation of power. 

According to the preceding, therefore, if 
we wish to give either to a building, or to 
a detail a character of strength, we must, 
besides introducing angularity, intensify 
breadth. The Greeks understood well this 
princ:ple, and applied it extensively. They 
appreciated the opposite principle also, of 
uniting height and curvature where ele- 
gance was desired, though they confined 





its application almost exclusively to details. 
There are many features in which height 
will necessarily exceed breadth. Still, as 
such features are common to buildings of 
different characters, variations in their pro- 
portions may always be practised, so as to 
show conformity with the change of ex- 
pression in the buildings. Columns were 
thus treated in Grecian architecture; and 
subject to the same treatment are also bal- 
ustrades and openings. 

Height and intense angularity, when ap- 
pearing in large features, are productive of 
a severe majesty of expression. It is evi- 
dent that no majestic appearance can be 
given to small details, though proportions 
in these similar to those in the large 
features, will be conducive to unity of de- 
sign, and enhance the effect of the taller 
masses. By severe angularity is to be un- 
derstood the existence of right and acute 
angles, in distinction to obtuse angles. The 
latter are appropriate to forms less severe, 
being intermediate in severity between 
squareness and roundness. 

Projection is regulated in severity by the 
angle at which it juts from the wall. 
Though most usually this is a right angle, 
yet, at times, projecting masses make ob- 
tuse angles with the walls from which they 
start. Supported by corbelling, projections 
lose their boldness to a certain extent, but 
present, in compensation, a more elegant 
appearance. The character of the corbel- 
ling should be in harmony with that of the 
projection. Thus, a light corbelling should 
not support a heavy projection; neither 
should the corbelling be more massive than 
the projection. The mass beneath should 
not pretend to sustain completely the mass 
above; its office being simply to aid the 
projection in supporting itself. 

Angularity finds its application, to a 
greater or smaller extent, in all styles of 
architecture. In some styles it is very de- 
cided. To cont'nue angularity to the top, 
to finish everything square, is the peculiar- 
ity of Norman architecture, and the cause 
of the strength expressed by it. This char- 
acter of strength is intensified, besides, by 
monotony in wall, tower, and battlement, 
and by a regular, though broken elevation, 
the various portions of which are different 
in height. In the portions so separated, as 
well as in the whole mass, breadth must 
preponderate. This is very essential. But 
whatever be the other characteristics of a 
style, angularity, or contrast of light and 
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shade, should never be wanting. Such 
contrast is the fundamental esthetic princi- 
ple of architecture. Gradation follows, and 
softens, at suitable points, the quick transi- 
tions from light to shade. It thus intro- 
duces elegance, and serves to adorn strength. 
There are, besides contrasts of light and 
shade, contrast in size, and contrast in form. 
We find also gradations of these. But con- 
trast demands two divisions; gradation at 
least three. Two things may be contrasted. 
but three are necessary to express grada- 
tion. 

Upon the principle of gradation depends 
the practice of placing the lighter forms 
above the graver. A hexagonal feature is 
put above a square one, and a cylindrical 
feature higher than a hexagonal one. 
Hence the lower portions of a building 
should present none but grave forms, while 
in the upper parts the lighter forms may 
be introduced. Hence the greater number 
of mouldings are massed in the frieze and 
cornice, and prohibited almost entirely in 
the large features at the base. In the Nor- 
man style not much gradation can be found, 
and in some bad examples there is a sud- 
den change from one extreme to the other. 
But Romanesque architecture presents very 
often in belfries and towers, gradations of 
size and form exceptionally well managed. 
Grecian architecture offers as much angu- 
larity and monotony as the Roman, yet gra- 
dation is introduced at the same time; for 
which reason it does not express the im- 
mense strength of the feudal piles. Good 
examples of a partial gradation may be no- 
ticed in Italian belfries, made solid at the 
base for one or two stories, openings are 
next introduced commencing with a single 
one and increasing them in size and num- 
ber as their location becomes higher. So 
far only is the gradation carried; not be- 
yond masses of light and shade. A more 
complete gradation would be, to cause the 
stories to soften in form and change in mag- 
nitude with their elevation above the ground. 
These modifications, however, while produc- 
ing more beauty, would destroy considera- 
bly the majestic appearance of the belfry, 
due to the long vertical lines extending 
from the foundation to the roof. The square 
towers of the Gothic style, when they do 
not change in shape upwards, are lower 
than the Italian, and, therefore, have an as- 
pect of great strength and massiveness. 

The ancients were well aware of the ma- 
jesty of tall proportions. Accordingly, we 





find the openings between the columns high 
and narrow. Jesides their other advanta- 
ges, the flutings possessed that also of in- 
creasing the apparent height of the column. 
In order to make them prominent they 
were cut small and close together; in other 
words they were massed. The Gothic build- 
ers, likewise, appreciated the majestic ap- 
pearance of high features. Indeed, their 
entire style is but a magnificent embodi- 
ment of their love for the majestic. As 
they improved in their art, higher and high- 
er rose the vaulted aisle. The flying but- 
tress steadied the imposing pile, and the 
whole stood forth so loftily that it looked 
like the work of fairy hands. Particularly 
in their interior work were they extremely 
successful in carrying out the genius of 
their architecture. The clusters of pillars 
which support the walls of the nave and 
the vaulting above, they caused to shoot 
upwards, at times, without interrupting 
their course by capitals at the various tiers 


‘of arches. The eye ran smoothly along 


them to the centre itself of the vault, high 
over the middie of the pavement. No im- 
agination so torpid but was excited by such 
majesty. Those elevated vaults could be 
compared to the heavens only, and the 
beholder acknowledged without effort the 
fitness of the building for its sacred pur- 
pose. On the principle that pervades Goth- 
ic architecture may be constructed many 
features in other styles. Doorways in which 
the shafts or pilasters at the sides dispense 
with capitals, being joined without demark- 
ation to the arches spanning the openings, 
have their height and majestic appearance 
increased. A low full centre arch sunk 
deeply into the wall, has, on the contrary, 
an air of immense massiveness. The prop- 
er employment of this arch is under mon- 
otonous masses, not too high, as in Norman 
architecture. Of this style, it is, evidently, 
the distinguishing mark. It is well adapt- 
ed to the lower portion of a high and mas- 
sive building also, in which position it has 
been successfully used; but, of course, nev- 
er with the effect which it possesses in its true 
position, under broader and lower masses. 
But to express the majestic, the best arch is 
the Gothic. Its verticality is decided, even 
when the opening is not carried high. In 
this respect it has the advantage over the 
circular arch. The effect of the introduc- 
tion of a keystone in a large circular arch, 
is bad, as the bold sweep of the curve is 
broken. Keystones a:e best employed in 
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narrow arches where verticality predomi- 
nates. Indeed, narrow full centre arches 
do not possess any agreeable expression 
without keystones; particularly when the 
openings are very high. In addition to 
attention to arches, we must preserve the 
corners in a building, should the full effect 
of its height be desired. Horizontal divis- 
ions, if introduced, should be recessed and 
stopped before reaching the corners, which, 
in consequence, will be thrown into the 
form of pilasters. 

The ancients never broke the course of 
the long horizontal mouldings and plain 
bands, passing from end to end of the en- 
tablature. The small repeated figures, such 
as modillons, dentils, and triglyphs, served 
to produce variety and to enhance the 
grandeur inspired by the long continuous 
features. For nothing will be grand that 
is not monotonous. The sky and the ocean 
are familiar examples. The mountains, too, 
with their long sweeps, are another instance 
of the grandeur of monotomy. Hence, in 
architecture, in order to aspire to real 
grandeur, length and surface, either straight 
or curved, but unbroken and continuous, 
must be visible. When repeated features 


are added, these should recur at short inter- 
vals that they may be analogous in effect 
to length. Monotony is thus rendered vig- 
orous, which it must be to appear pleasing. 
Attempts made to interrupt it by drawing 
the eye upon something else for a while, 


will prove fatal to its grandeur. An ineli- 
nation for novelty will often induce the de- 
signer to break his long lines with slight 
projections, and, sometimes, by a total 
change in the design, much to the advan- 
tage of the picture on the paper, but great- 
ly to the injury of the aspect of the build- 
ing. A long wall is pleasing, especially if 
its monotony is intensified, from its being 
built of stones uniform in size and color. 
Let a few openings be introduced here and 
there irregularly, and all its effect is lost. 
The impressiveness of the Norman tower is 
owing, in a great degree, to its monotony 
of surface. Irregular, detached, and vari- 
ously shaped masses may convey to the 
mind the idea of picturesqueness, but they 
are incapable of producing in it the impres- 
siveness of grandeur. 

A structure with many vertical projec- 
tions close together, besides wanting mo- 
notony of surface, presents, also, the ‘disad- 
vantage of not being suitable for oblique 
views. In order to understand the design 




















it is necessary to stand directly in frout of 
the building. No such defect exists in the 
Grecian architecture. In good examples of 
the Gothic it is not to be found. The ver- 
tical masses there are large and widely 
spaced,thus giving rise to a distinct arrange- 
ment from wherever viewed. Modern arch- 
itecture, unfortunately, abounds with this 
fault. According to the present taste, un- 
less a building is cut up with pilasters, pro- 
jections at the ends, projections at the cen- 
tre, curves here, and straight lines there, 
columns between the openings and porti- 
coes never to be used, it is not considered 
elegant. Instead of attributing weakening 
effects to such irregularities, they have 
been attributed to openings. But apertures 
do not weaken by far as much as little and 
numerous breaks, which were the charac- 
teristics of the most debased style that ever 
arose. The presence of apertures, by des- 
troying monotony leads, itis true, away 
from grandeur and solidity ; but while dis- 
advantageous in this respect, they compen- 
sate for the loss of effect they occasion, by 
giving rise, in deep walls, to powerful con- 
trasts of light and shade. Something ana- 
logous to this may be remarked in Gothie 
architecture. Monotony and its grandeur, 
however, has not been disregarded in this 
style, for uniting under one grand feature 
the projections and voids beneath, the long 
masses of monotonous roof in the Gothic 


cathedral enable the eye to appreciate the 


great extent of the building. All struc- 
tures which, like it, are broken in ground 
plan, may have such monotonous masses at 
their summits; while those which,resembling 
the Grecian temple, are compact, may place 
here play of light and shade, calm monot- 
ony being found on their sides. It is evi- 
dent that the contrast which this practise 
produces, must contribute considerable to 
the general effect. 

Smooth columns were used quite prop- 
erly by the Greeks in their Doric order ; 
the monotony of surface being in keeping 
with the rest of the structure. Of large 
diameter and comparatively short, with the 
view of inspiring a sentiment of immense 
solidity, they were employed also, with 
great success, by the Gothic builders in in- 
terior work. Fluted columns, like those of 
the Doric order, are appropriate, by rea- 
sons of the angularity obtained, to express 
strength. Forthe sake of contrast, columns 
are partly fluted ; but wherever the fluting 
is placed, the lower part of the column 
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should project beyond the upper part. The 
greater amount of material should be seen 
beneath, whether in a column or in a build- 


ing. 

A building being in reality more solid 
at the foundations than at any other point, 
its base is the proper location for monoto- 
nous wall. As we rise, openings more and 
more numerous may be introduced and 


conformably to conditions of stability, the | 


walls may decrease in thickness at the same 
time. The shapes ofthe openings, as well as 
the forms of the other features, may be di- 
minished in severi'y as their positions are 
higher. The rovf being the lightest part of 
the structure, it will bear, by virtue of 
this principle considerable ornamentation. 
Should the building be of a severe charac- 
ter, a strict monotony of figures, but elegant 
in themselves, is preferable in the roof to 
broken masses. This principle, it is need- 
less to say, is well exemplified in the 
Grecian orders. Tile roofs, the tile being 
of marble, stone, or baked clay, and metallic 
roofs, to a certain extent, are the kind 
which admit of such treatment. 

A part not at all inferior to monotony of 
construction plays monotony of color in 
producing grandeur. Nature, who always 
arrays herself in the most fitting manner, 
employs monotonous coloring in all her stu- 
pendous works Only in shells, in flowers, 
and in small objects, do we discover the most 
lively beauty produced with a variety of 
tints. But when we turn to the mighty 
dome over us, shinirmg with innumerable 
lights, we perceive there the same dark, 
solemn grandeur wherever the eye wanders 
over the vast scene. As the sun rises ‘his 
scene changes, it is true, but is converted 
into another as grand, as magnificent and 
though less solemn, yet much more monot- 
onous with its unvarying blue. While the 
change is great in appearance, in character it 
is slight. Still, combined in a tasteful man- 
ner a variety of colors give to a building a vi- 
vacious appearance. Such an expression is 
not suited to an air which, like the grand, 
requires repose. There is something more 
impressive in the silence of repose than in 
the tumult of action. When the sea lies 
spread out before us, its smooth surface 
slowly swelling, it strikes us with greater 
awe than when the storm roars and the 
waves are lashed into fury. 

Besides great monotony and a grand re- 
pose, then is to be noticed another charac- 
teristic of Greican architecture. Thisis, the 





air of massiveness which surrounds it. Even 
the Corinthian order, graceful as it is, 
numbers among its attributes a certain 
tempered massiveness. The Grecian works 
owe this air of solidity somewhat to their 
squareness, but principally to their porti- 
coes. Here rows of large columns support 
heavy entablatures, the solid construction 
of which is visible from below. No mean- 
ness meets the eye; deceit is not practised; 
every thing shows itself a worthy member 
of the whole. Indeed the portico is quite 
as much the glory as the distinguishing fea- 
ture of the ancient orders. It is composed 
entirely of large stones; and its mouldings 
and ornaments, so well chosen and care- 
fully placed, serve to render graceful only 
a real massivness. We may leave here 
something from the Greeks. Their work 
shows the necessity of abandoning the small 
material used to such a great extent at the 
present day whenever we desire to reach 
excellence. The Egyptians went to one 
extreme in the size of their stones, and we 
have gone as far towards the other extreme. 
Particular attention should be bestowed on 
the sizes of the stones for a contemplated 
structure. Because when too large they 
decrease the apparent magnitude of the 
building; when too small, their effect is lost. 
In aspiring to the grand it is essential to 
recognize the necessity for large stones and 
extended masses. Our skill lies in their 
treatment only. We may regulate their 
bulk, dispose them to the best advantage, 
but we cannot dispense with their employ- 
ment. Even when these requisites are ob- 
tained, we yet need something more to 
make massiveness fully preceptible. The 
eye must observe in all classes of buildings 
the three dimensions. It is evident that 
depth will never be seen so largely as 
height and breadth; yet by increasing the 
number of points where it is visible, that is, 
by introducing the greatest number of open- 
ings consistent with preserving a sufficient 
amount of plain wall, we are enabled to ob- 
tain a strong impression of this dimension. 
The effect of depth is produced in a Grecian 
temple, by the decided projection of its 
details, and the distance which the main 
building is placed behind the columns. 
The thick buttresses and the deep portals 
of the Gothic architecture, fulfil the same 
purpose. When these buttresses are united 
to thick walls, the spectator obiains the 
idea of a much greater massiveness than 
really exists. 
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Ornaments, whether as projecting mem- 
bers, or as detached ones, contribute, in all 
cases, to augment depth. They may be re- 
garded as essential features ornamented ; 
and while this definition is in the main cor- 
rect, yet, when we descend to minor deco- 
rations it is not applicable to them. The 
avowed object of many of these is to orna- 
ment, by varying at suitable places the 
nalure of the monotony. Such features 
are not those which will be here considered. 
Larger ones, intended for utility and de- 
signed with such an object in view, will claim 
our attention. The most important among 
these are corbels andcolumns. Corbels and 
columns appearing to support something, but 
in reality upholding nothing, are evidently 
unnecessary, and should be omitted. If it 
is designed to introduce them, and the style 
of the building will allow of their use, the 
construction should be designed in such a 
manner as to make them fulfil needed func- 
tions. Columns in openings should aid in 
supporting the lintels and masses above 
them, they are ranged over one another 
along the stories of a structure, they have 
the plausibility of being necessary adjuncts, 
though really the projection of their entab- 
latures may not be so great as to require 
support, and even these salient masses 
themselves may be useless. This prac- 
tice, borrowed from Venetian architecture, is 
pursued confessedly for the sake of adorn- 
ment. Not understood in its management, 
plain wall is supposed to be ugly, and its 
employment is to be avoided. But neatly 
constructed, particularly when of ashlar 
masonry, it is in itself a decoration full of 
chasteness of the highest order, and prefer- 
able to ornaments fastened on. Needless 
columns placed against buildings which 
they are intended to embellish, betoken a 
rude taste. It would seem as if transported 
with admiration for the beautiful features 
of the Grecian style, we wished to employ 
them in our architecture regardless of rea- 
son and suitability. Hence they appear 
there as appropriately as would the Grecian 
costume in our streets. Columns find their 
true use in porticoes and arcades. From 
time immemorial they have been thus em- 
ployed. To stretch their application to the 
utmost, is to make them 1utrusive. 

The slender pillars seen in doors and 
windows, are features different from col- 
umns ina facade. These shatts aid in sup- 
porting the mouldings above, of which they 
are inceed a continuation. It is not diffi- 





cult, however, to conceive columns blending 
into mouldings at these points, 

All mouldings, a:.d, generally, all orna- 
ments having beauty for their attribute, 
should be curved in out!ine and irregularly 
curved instead of regularly curved. In 
other words, the curves should be arcs of 
ellipses and not ares of circles. The princi- 
ple of contrast in its fullest application, 
should govern the design of a combination 
of mouldings. No two mouldings, or plain 
bands of equal height should be visible in 
the same portion of the building ; nor should 
a moulding and a plain band of the same 
breadth be united. As a usual rule, two 
mouldings ought not to succeed one another 
without the interposition of a plain hand. 
The Grecian mouldings being more angular 
than the Roman, are more appropriate than 
the latter for expressing strength. ‘The 
Roman mouldings are better adapted to ex- 
press elegance, as they exhibit much more 
gradation and are softer than the Grecian. 
Sharp changes from light to shade, intro- 
duced both by the Greek and Gothic arch- 
itects, were not appreciated by the lovers 
of magnificence on the banks of the Tiber. 
It is in combinations of mouldings designed 
upon the principle of contrast, where acute 
angles find their common use, which is to 
give intensity to the play of light and shade. 
Plain bands, in consequence, are not nnmer- 
ous; but their complete prohibition is not 
allowable. 

Mouldings are employed to separate fea- 
tures and to indicate change of form in the 
features themselves. As a protection to joints 
beneath, they are extremely valuable. ‘The 
play of light and shade which they present 
is an agreeable property; so much so, that 
it may be compared to the melody of music. 
In order to make such play distinct, itis 
necessary to have a light colored and fine- 
grained material. Hence the superiority 
of marble over all the other varieties 0! stone. 
Darker stones, as may be imagined, re- 
quire more light in proportion to the obscu- 
rity of their color, to produce a play of light 
and shade equally stiong. In this resp: ct 
the ancients had a great advantage over the 
Gothic builders; both erecting their build- 
ings in open sites made the difference more 
marked. 

Interior mouldings, to have their greatest 
effect, must receive a sufficiently strong 
light to bring out the shades, shadows and 
brilliant lines in a preceptibie manner. 
Where this amount of light cannot be ob- 
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tained, no great effort should be made to 
attempt such decoration. 

In studying the orders of the ancients, 
there is to be remarked not only the prom- 
inence of their ornament, but also the sys- 
tem which they followed in its distribution. 
They placed in it masses, which they sep- 
arated by other masses of plain work. In- 
deed, plainness and ornamentation succeed 
exch other regularly all the way up the 
structure. Ornaments are condensed at 
the bases and capitals of the columns, and 
the shafts remain plain. In the entabla- 
ture, the architrave is divided from the frieze 
by a prominent moulding; and the frieze is 
left smooth to contrast with the mass of or- 
nament in the cornice. Though decoration 
was massed, yet it was another principle 
of Grecian architecture never to confuse 
the eye by too much. This principle also 
the Romans do not seem to have understood. 
In many of their designs we are bewildered 
with the amount of gorgeous work cover- 
ing every part of them. The eye cannot 
follow such extended successions of differ- 
ent figures, however beautiful in themselves, 
for it needs plain wall upon which to rest. 
Generally, excessive ornamentation may be 


regarded as an indication of decay of taste, 
in all the arts and in none of them more so 


than in the building art. Instead of orna- 
ments being borrowed from various styles 
when needed, they should rise from them- 
selves in every piece of work, springing 
naturally from the treatment of the subject, 
after it has been planned to fulfil its pur- 
pose. An architect of the present day 
when designing, is often apt to consider how 
a certain ornament would look at a certain 
point, and, if he is favorably impressed with 
its effect, he will make room for its introduc- 
tion. A large room may be disfigured, a 
wing, an entire story may suffer, still he 
persists in its use, as if buildings were built 
for their decorations. Most commonly, 
again, ornament is located with the view to 
destroy plain wall. This is improper; in- 
deed itis vulgar. Like a person of bad 
taste, the building will be decked out with 
too much finery. 

On farther stady we notice still another 
principle of Grecian ornamentation. All 
mouldings in the entablature, and in the 
capitals of the columns lean towards the 
front. This isa very natural disposition. 
For, as the spectator looks up to them, 
they display themselves to the best advan- 
tage to him. They raise in this manner a 
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certain feeling of sympathy between him 
and the building. The Grecian temple, 
grand though it be, possesses in an eminent 
degree this peculiarity ; this heightening of 
its attractive nature; this banishing of 
every thing repellent. A similar principle 
to the foregoing governs the disposition of 
the mouldings in the lower parts of the 
building. Here all are inclined to the hor- 
izon, and, therefore, placed conveniently 
for our inspection. It is upon this princi- 
ple that the bases of columns are more 
pleasing when their spread is decided, than 
when it is slight. Besides, an air of sta- 
bility is given to structures and their fea- 
tures, by so arranging the projections at 
their feet. 

Arches are features admitting of much 
more decoration with mouldings than any 
other parts of a structure. They have not 
been always adorned in this manner; but 
when embellishment has been attempted 
otherwise, failure has occurred oftener than 
success. The full centre arch, as used in 
the early Italian churches, at the sides of 
the aisles, does not possess the striking ap- 
pearance of the Gothic arch. This is owing, 
not to want of massiveness, but to an ex- 
traordinary amount of ornament induced 
through false taste. As an exception, how- 
ever, the magnificent full centre arch at the 
altar, extending over the whole width of 
the nave, has a boldness not found in the 
pointed arch. Wherever the quantity of 
ornament at the sides of the aisle has been 
diminished, the improvement is very per- 
ceptible, and the beauties of the circular 
arch become then prominent. San Marco, 
Venice, is a good example of the character- 
istics of this arch. There, massiveness, and 
no mean height above the floor, add gran- 
deur to its bold sweep across the spacious 
aisles. The habit so persistently pursued 
by many ancient architects, and still fol- 
lowed by many modern ones, of ornament- 
ing the soffit and heads of the arch with 
sunk panels decorated with mouldings, and 
sometimes with rich carvings, rob it in wide 
spans of its true beauty. In place of this 
treatment, it is preferable that the ring- 
stones be finished on the sides with an 
architrave, as was in part the custom of the 
Romans, or the soffit be flared and filled 
with a mass of uninterrupted mouldings, like 
in the Gothic arch. Aguin: too much 
plain wall over arches seems to overload 
them. Such practice is, in reality, placing 
the most solid portions of the construction 
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at the top. This also is a fault found in 
the Italian churches, but one which the 
Gothic builders with their arch very seldom 
committed. 

Columns may support arches where there 
is a vertical pressure only; for instance, in 
a vaulted interior, or in acolonnade. Where 
arches transmit an inclined thrust, solid 
masses are the proper supports. These are 
often supposed to be ugly, and several 
columns are grouped together instead ; thus 
offending against the principle which 
teaches that fitness for a purpose is the first 
recommendation for use, and that skill in 
art consists in giving a suitable expression. 

Though Italian architecture in general 
exhibits a variety of styles joined together 
without regard to gradation of form, severe 
forms being often placed above the most 
light and graceful ones, yet it has depth, 
masses of ornament, plain wall, and, par- 
ticularly, handsome arcades. Arcades are 
beautiful features, and deserve preservation 
in our modern practice. In Gothic art they 
may be seen sometimes on the exterior, 
sometimes in the interior, appearing usually 
exquisitely worked, though now and then 
their style is severe. Arcades, and likewise 


porticoes, unless they are to be of use, 


should never be built. Many structures 
have costly porticoes, which on no occasion 
fulfil their functions, and are intended 
sole'y as huge ornaments. Reson revolts 
against the employment of these useless 
adjuncts, and dictates, instead, that no 
buildings save those in which large crowds 
assemble should have great porticoes. City 
structures are here alluded to; in the coun- 
try porticoes have a larger field of applica- 
tion. Arcades may be introduced at every 
alternate story, or confined to a single one 
in the upper pert of the edifice. When on 
the ground floor, they appear best project- 
ing from the face of the wall. For re- 
cesses, they give an air of insecurity to the 
whole mass above, which seems upheld by 
feeble, detached supports. The great depth, 
however, produced by an arcade so situated, 
is very effective, and compensates some- 
what for this disadvantage. When half 
recessed and half projecting, an arcade on the 
ground floor assumes a character and an 
etfect derived equally from one entirely re- 
cessed and one entirely projecting. No dis- 
agreeable impression is received in this 
ease, as the eye cannot judge very well as 
to how much is recessed; indeed, it does 


not dwell here at all upon this point. 





Nothing is more disgusting than the inac- 
cessible shams often stuck on a fucade, and 
called areades, though their obvious pur- 
pose is ornamentation. Real arcades are 
useful recesses, revealing the massive walls 
into which they are generally sunk. 

Next in importance to arches, and often 
connected with them, are pilasters. They 
were correctly employed in the early 
churches of Italy. We see them there 
formed by making panels in the solid work, 
leaving always a portion beneath untouched 
to serve as a general base. In most in- 
stances they were placed above the eye, in 
the upper portion of the building, where 
less solidity was required, and occupying 
at times more, at times less than one-half 
the height of the entire structure. Pilas- 
ters, and shafts as well, when placed over 
one another in tiers, should have no bases, 
but should pass through capitals not very 
prominent. Properly grouped in a vaulted 
terior, pilasters give, by their angularity, 
an appearance of immense strength to the 
construction. This style may be seen exem- 
plified in a few European cathedrals, built 
before the Gothic had become the prevail- 
ing style for church architecture. Some- 
times the interior was made still more se- 
vere by the almost complete avoidance of 
mouldings, so that the angles in the vault- 
ing were left without any ornament, and 
showed clearly and sharply. Pilasters may 
be observed grouped like Gothic shafts on 
the exterior of modern buildings. Such 
grouping of them is in bad taste, for they 
are features too severe to admit of graceful 
combination of round and slender shafts. 
They, however, may find considerable use 
suitable to their character, in strengthening 
the corners of edifices, the junctions of their 
walls, the sides of openings, and the wal s 
themselves immediately under the roof- 
trusses. 

It is a common practice when using pil- 
asters in connection with columns, to give 
them the varjable batter of the columns. 
Notwithstanding the authority which may 
be cited in suport of this custom, it is not 
correct. Pilasters are entirely different 
from columns. One is high and angular; 
the other equally lofty, but round. Pilas- 
ters are of a severe, majestic character, 
while columns are eminently graceful and 
elegant ; attributes which, undoubtedly, may 
exist in them with more or less intensity, 
but never completely suppressed. There- 
fore, the gently curving batter uf the col- 
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umn is not admissible in the pilaster. Ifa 
diminution in the latter is desirable, then 
it should be in a straight line. 

We have sti!l another application of the 
pilaster. It is seen in Moorish art. There 
semicircular properties are divided into 
pilasters, and these are connected at their 
upper ends with arches, which often inter- 
sect one another, sweeping alternately from 
pilaster to pilaster; thus forming a very ap- 
propriate decoration, not only for such fea- 
ures, but also for complete circular towers 
of elegant proportions. 

The site of a building may be considered 
as influencing to a certain extent its orna- 
ment. Both the Greeks and the Romans 
appreciated the noble effect of a site on an 
eminence. For the building shares the 
grandeur of surrounding nature, and at all 
points of view forms the central figure in 
thescenery. It has, besides, acommanding 
appearance. These characteristics demand 
consideration in making the design. More 


attention is to be bestowed on the propor- 
tions of masses of light and shade, and 
of large features than on small ornaments, 
which evidently wi!l not be prominent. 
Still the mouldings should be larger than if 


the buildings were subject to closer scrutiny. 
But the beauty of the structure depends more 
on its form than onits adornments. When 
commanding sites do not exist or cannot 
conveniently be established, free and open 
sites are next in preference. All efforts to 
aspire either to the great or to the beautiful 
in architecture will be futile, when, as in 
the streets of a city, the designer is limited 
to one, and at most, two facades. A build- 
ing should stand a unit in a space suffi- 
ciently ample to furnish points of view from 
where good perspectives may be obtained. 
Though this subject should involve the 
purchase of adjoining properties, yet there 
need be no hesitation in pursuing this course 
with public buildings of importance. When 
circumstances will permit, an opposite 
course may be followed, and the size of the 
intended building may be contracted. 
Structures extremely ornate, in particular, 
should stand in open situations in order 
that the eye may take a position far enough 
away from them to take in the whole at 
once, and comprehend the design. For the 
multitude of objects seen at close inspection 
divert the attention from the mass to its 
features, from the features to their detzils. 
Hence we may perceive why grand effects 
are best produced with simple masses. 





Simple plans also are necessary for grand- 
eur. Complicated ones, besides being be- 
wilderirg in their effects, exhibit a few only 
of each kind of feature adorzing the struc- 
ture, while the total number visible is con- 
siderable. On this point Grecian archi- 
tecture has an advantage over much of the 
Gothic. Whatever be the variety of fea- 
tures introduced in a design, they should 
be gradated in prominence. This is mainly 
effected by placing them on different planes. 
Often buildings standing in open sites, and 
otherwise well designed, fail in this respect, 
and confuse the eye. In each portion of 
a building, some one feature from among 
those used should occupy the first r nk, 
and the remainder should be subordinate to 
it in a strongly marked manner. Many 
features, therefore, will not be admissible. 
Indeed a few well designed and well placed 
are all that good taste has ever employed. 

Elevated objects, such as domes, with no 
background but the sky, appear smaller 
than when they are viewed against a mass 
of clouds. Similarly, a large edifice stand- 
ing alone seems smaller than when sur- 
rounced by other buildings inferior to it- 
self. The Pyramids furnish an illustration 
of this fact. A compensation for this loss 
of size, however, is found in the grandeur 
acquired. Such being the attribute of a 
great building so situated, we should choose 
those ornaments which will be most in 
harmony with its character. Regard must 


be had to the following general principle: 


That it is impossible to combine all the 
beauties in a single edifice, that a choice 
must be made of those suitable to its site, 
and to its character, while the rest must be 
omitted entirely. This is Nature’s method 
of proceeding. Hence have arisen the va- 
rious expressions which are displayed in 
her works. 

In preparing a design, proportion must 
first be given to the outlines of the parts, 
both great and small, before ornamenting 
is undertaken. Apparently the simplest, 
the proportioning of the work is in reality 
its most difficult portion, and the greatest 
art is here required. Convenience, proper 
economy, and finally, a suitable appearance, 
must be all consulted. Time and labor in 
no small amounts must be often expended 
to succeed in realizing these various ob- 


jects. After everything has been deter- 


mined to fulfil the first two requirements, 
convenience and economy, then attention 
may be given to appearance. The breadths 
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of horizontal features are to be regulated 
partly by their lengths, parily by the alti- 
tudes of their situations. The higher a 
moulding, the Jarger must be its size, and 
the more sharp its curvature, to be as dis- 
tinct as those placed at the base of the 
building. Obscurity of situation, and color 
of stone, enter also into consideration. A 
horizontal feature which may show very 
plainly on a short facade, for want of suffi- 
cient breadth, may become indistinct at the 
farther end of along one. All proportions 
on a design should be corrected either by 
perspective drawings, or better, by large 
models where light and color may unite 
their influences. In these models the real 
prominence, and the relative sizes of all 
teatures are properly perceived. It will be 
found that all horizontal projecting mem- 
bers, such as cornices, will appear narrower 
on paper than in reality, and all vertical 
members, such as openings, will, similarly, 
seem higher in design than in the build- 
ing. 

When proportioning openings we may 
give them any of the following expressions, 
choosing according to the character of the 
structure: They can be high and majestic, 
or they can be square and massive. A 
mean between these two is not particularly 
expressive ; though sometimes it may be 
the form proper to employ. For buildings 
of asingle story any one of these propor- 
tions may be used, provided, always, it is 
in harmony with the rest of the design. In 
constructions of two or more stories, square 
openings should be below tall ones, and 
above the latter may be those of a less de- 
cided character. Uniting the windows of 
two stories into single large ones, is an ex- 
pedient quite common to produce high open- 
ings. The practice is hardly allowable ; 
for it attempts to deceive by making two 
features look like one. 

The ancients made large single apertures 
twice their breadth in height. But when 
several openings occur side by side, this 
proportion must be exceeded. In three 
windows placed together, each must be 
about three times its breadth in height, in 
order to produce a striking impression. 
This proportion should be increased still 
farther as the number of openings aug- 
ments. 

When many windows exist, as along the 
‘stories of a fagade, they may be joined hori- 
zovtally into groups of several, and these 
groups treated as just noticed. The join- 





ing of several windows into one large one, 
contributes towards magnifying the size of 
the building, and giving it a character for 
grandeur, by producing large masses of 
shade. To heighten the effect of these 
dark masses, they should contrast with as 
large masses of light, or plain wall, and, 
besides, the openings should be deep. At 
the same time, it is to be borne in mind, 
that the expression of a front may be de- 
stroyed by spacing the windows too wide 
apart. The width of plain wall between 
windows should not much exceed the width 
of the windows themselves, measured from 
out to out of the projections at the top. 
Otherwise the openings will be scattered 
instead of massed. This is a defect not so 
apparent on a wide front which contains a 
number of openings, as in one where there 
are only a few. Care must be taken, also, 
not to run into the opposite extreme, and 
place them very close together ; giving to 
the building, in this way, the appearance of 
only rows of windows piled over one an- 
other. In buildings requiring the greatest 
quantity of light procurable, the openings 
must be close to each other, and as shallow 
as stability will permit. Structures of this 
description, however, are devoted to trade 
and manufactures, and should be designed 
with no other pretensions save those of 
economy and convenience. ‘To endeavor to 
decorate them, while their construction 
does not admit of decoration, is bad taste. 
When neatly, solidly built, and with due re- 
gard to the foregoing principles, their arch- 
itecture iscomplete. ‘lo ornament all build- 
ings, whatever their character, diminishes 
the power of ornament. We become sati- 
ated with the sight of it, and when viewed 
elegantly disposed, it does not impress us 
with the force it should, though we may not 
be insensible to its charms. It is not 
natural for everything to sparkle. The 
birds are not all of brilliant plumage; 
nor the animals of equal nobility in as- 
pect. 

In order to produce effective means of 
shade, windows should be large when occu- 
pying prominent positions. Neither an ex- 
pression of grandeur, nor one of beauty, can 
be given to a facade dotted over, like a die, 
with little dark spots. Unlike horizontal 
repetition, upward repetition is not agree- 
able, and windows placed above one another 
should not be exactly of the same height. 
A great difference in height, also, is not to 
be introduced, unless it is desired to convey 
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the impression of the upper floors being 
inferior to the others. 

It is a principle of architecture, one con- 
ducive to stability and indicative of order, 
that voids should be over voids, and pro- 
jections over projections. 

Somewhat analogous to this principle, is 
that which demands symmetry in plan and 
elevation in all great buildings. That 
symmetry is pleasing nobody doubts, but 
that it is one of the highest beauties few 
admit. Nature has employed it, however, 
in forming her most beautiful kingdom. 
Indeed, the animal kingdom might be dis- 
tinguished from the others by the perfect 
symmetry only of its subjects. In the king- 
dom below, in the vegetable, there is not 
found symmetry in large objects, but regu- 
larity instead; while in the mineral king- 
dom even regularity has disappeared. 
Therefore, unless circumstances oblige a 
structure to be designed on an irregular 
plan, effurts should be made to procure 
symmetry. Picturesqueness has charms, 
but undoubtedly it owes them in great part 
to its novelty. The best specimens of the 
picturesque show the masses united as 
themselves symmetrical ; care is taken that 


they shall be so, and their union is marked 


in a strong and distinct manner. Many 
designers, not perceiving this fact, have 
thought that picturesqueness meant the 
combination of all kinds of irregularity. 
Hence the variously shaped openings, and 
the concealed entrances, and the lopsided 
towers, and the other absurdities which 
meet our eyes rather too frequently, it is to 
be deplored. ; 
Next in importance to the windows, is 
the base of a building. By the base of a 
building is to be understood that portion of 
the foundation walls carried above the 
ground level, and upon which the building 
proper rests. It is generally a little larger 
im plan than the structure, and it may be 
built either in offsets or with a batter, and 
quite fitly of rough-faced masonry. With 
the exception of the angular projections 
on the faces of the stones, no other indica- 
tion of irregularity should be visible. The 
stones should be well proportioned with 
respect to the size of the structure, they 
should be chamfered, and they give a finer 
appearance to the courses when of a uni- 
form depth. The base of a building corre- 
sponds to the foot of a column; but, like 
the foot of the Doric column, it may be 
omitted. Bases are peculiarly appropriate 





to buildings in which horizontatity or 
strength predominates. Structures where 
verticality or majesty is visible may well 
dispense with them as unnecessary features. 
This principle was observed to a certain 
extent by the Gothic builders, who usually 
made their bases low; and if, in some promi- 
nent instances, they placed their cathedrals 
on bases considerably elevated, their exam- 
ple is not to be followed, particularly in that 
part where they cut through them with 
their portals. Unless a base assumes the 
character of a lower story, it should have as 
few openings in it as possible. They may 
be arranged sometimes so as to be invisible 
in projection. 

Though a base is a distinstive feature of 
a structure, yet, as already noticed, it does 
not form a necessary one. Nature presents 
examples in trees and in mountains of bodies 
without clearly marked bases, and she also 
presents instances of the contrary in ani- 
mals. But we distinguish this difference 
between the two cases: in the former case 
the mass diminishes as it rises, while in the 
latter case it increases. Buildings heavily 
finished at top, and with bold projecting 
masses at many points, should, therefore, 
have bases. Those buildings which recede 
horizontally as they rise do not need them. 
Small features may have bases or not, 
according to the taste of the designer. 
Members like columns and balusters, which 
tend to uphold something, should spread 
out at their tops,in order to give a firm 
seat to the mass supported. It sometimes 
happens, as in slender shafts, that both 
bases and capitals are necessary for strength 
and stability. 

As to proportioning the stories of a 
structure, this is done upon the principle 
previously noticed in connection with the 
proportioning of windows. They should 
diminish gradually with their altitude. 
Besides, elevation is not exaggerated by 
division into equal parts, but rather into 
unequal ones well gradated. Such a divi- 
sion of the stories of a building, or of the 
similar parts of any feature, adds apparent 
height by increasing the effect of the per- 
spective. The gradation should be accord- 
ing to a geometrical series. An arithmetical 
series does not introduce sufficient contrast, 
and is, therefore, not productive of much 
beauty. When several bands, plain or 
ornamented, are placed successively above 
one another, but in different planes, they 


should be gradated in breadth according to 
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an increasing geometrical progression, if 
occurring at the top of the building, and in 
a diminishing geometrical progression, if 
situated at its foot. 

We pass now to a principle of architecture 
often violated. This is unity of design. 
The observance of this principle requires 
that either horizontality or verticality shall 
prevail everywhere in a design. It de- 
mands, also, that if arches are used to span 
the larger openings, the lintel shall be com- 
pletely excluded; and the reverse, that if 
the principal openings are rectangular, all | 
the remaining ones shall have this shape. 
Should some windows be in pair, no single 
window should be introduced on the same 





level, and if possible, not used at all. 
Again, several forms of roof are prohibited 
on the same building. The architraves of | 
all openings should be similar. Likewise, | 
all projectiovs should be either supported | 
or unsupported. High towers require high | 
coverings to produce harmony between the | 
two parts; though to low towers abrupt | 
terminations may be given. Italian belfries 


offend against this requirement, and, on 
looking at them, we are sensible of some- 
thing ungraceful about their sunimits. 


Horizontal divisions on a tower may destroy 
to a certain extent, its verticality, so that, 
in this case, flat roofs may not seem very 
inappropriate. The spire, so extensively 
employed by the Gothie architects, is, un- 
doubtedly, the most elegant method of 
terminating a tower. 

A design having projecting masses either 
at the centre, or at the ends of its fagade, 
requires particular attention to maintain 
unity. The belting at the base, between 
the stories and at the roof, should run all 
around the building. Where verticality is 
intensified, these bands may have their 
courses interrupted. The windows in the 
projections should be the same as in the 
other parts of the structure; when this can- 
not be the case, they should have a similar 
shape, and a height equal to the others. 

A building designed with a regard for 
unity, and in which breadth is expressed 
in all its parts and features, is indicative of 
great strength; while one in which the 
masses are higher than broader, being so 
proportioned by vertical divisions, conveys 
to the mind an idea of majesty. The ma- 
jestic expression seems the better one for 
structures which, like the Gothic, have a 





very broken ground-plan. Long buildings 


in which verticality is introduced admit, | 


also, of the effect of multiplicity in a great 
degree. Bristling with pinnacles and but- 
tresses, and windows, Gothic architecture is 
peculiarly multiplex in character. Indeed, 
though multiplied objects may be introduced 
in a greater or a smaller number in all styles, 
yet never as effectively as in the majestic 
style. Multiplicity in the form of alternate 
repetition, is a character:stic of Grecian 
architecture. In their courses of masonry, 
and in their ornament, the Greeks were ex- 
tremely fond of using it ; but, st.ll, confining 
it always to details of minor importance. 
It is, no doubt, a happy arrangement, and 
may well be practiced in our architecture 
when the elegant, more than the grand, is 
desired. It finds its application wherever 
there is a series of features equal in form 
and purpose. The expression of strength 
can be given to buildings, the ground-plans 
of which, though somewhat broken, yet are 
perfectly simple, regular, and composed of 
large masses. A structure of a compact 
form is, however, the best suited for this 
expression. But, in all cases, before ad pt- 
ing it, the designer should know first if cir- 
cumstances will permit the height of the 
building being limited accordingly. Of 
course, the extent of the structure influences 
such a consideration, though in an open 
site, out of a city, this is a secondary mat- 
ter. 
While it is desirable to employ either 
horizontality or verticality throughout, still 
there is nothing to prevent us from follow- 
ing the practice of the Greeks, and unite 
one with the other in the same building. 
Both should not aspire to an eqnal promi- 
nence; but one must be subordinate to 
the other, and massed along a suitable part 
of the structure. In Grecian temples the 
columns with their openings and flutings 
are all in one place, and visible at one 
view. In Italian palace architecture we 
have another instance of the correct com- 
bination of horizontality and verticality. 
The lower story serves asa base to the 
upper ones, and is horizontal in its charac- 
ter; whi'e the upper ones are thrown, by 
means of high and bold pilasters, intoa sing'!e 
feature, in which verticality predominates. 
Buildings of several stories, similarly, should 
exhibit horizontality beneath verticality, 
the former denoting much more massive- 
ness than the latter. And when this practice 
is pursued care must be taken not to destroy 
the horizontality with vertical projections, 
nor the verticality with horizontal projec- 
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tions. This is a great fault of modern art. 
More than one beauty in one place is an 
idea fatal to all true decoration. 

Among the many features which claim 
attention with respect to unity, the oblique 
line, perhaps, is one of the most important. 
Its inclination is regulated solely with the 
view to increase the effect of either the 
height or the breadth of the member to 
which it serves asa limit. The Greeks could 
not have been ignorant of the fact that a 
triangular truss is stronger the greater its 

‘rise; particularly, since they made it sup- 
port, in their roofs, heavy coverings of 
marble slabs. Yet they did not avail them- 
selves of such knowledge on account of the 
more pressing nec?ssity which existed to 
intensify breadth in the pediment, in order 
that the structure might preserve its unity 
of expression. With an equal regard for 
the principle of unity we behold the Gothic 
builders raising the pitch of all their cover- 
ings. Throughout their entire style, in the 
details as well as in the masses, nowhere 
does an oblique line occur which is not in- 
clined at a considerable ang'e to the hori- 
zontal. Nothing, indeed, can give so much 
character to a building as unity. Struct- 
ures of several stories are greatly improved 
in expression, when to a variety in the size 
of similar features, and even in their form 
we perceive united a resemblance which 
reminds us that such members are in har- 
mony with one another, and are all parts of 
the same whole. 

An entrance should be in proportion to 
the size of the building. A large edifice 
requires a correspondingly noble entrance. 
When the second floor is the most impor- 
tant one, a flight of deep and wide steps 
should lead to it. Modern steps are too 
shallow to be compatible with many build- 
ings to which they are attached. The steps 
used by the Greeks were in some cases 
slightly too deep; but the error was in a 
good direction. Unless entrances are in 
the form of porticoes, they ought to project 
very little beyond the face of the building, 
when imbedded in massive walls which are 
to be displayed. In the finer efforts of the 
Gothic artists this principle is exemplified. 
At the same time bein desirous of height- 
ening the majes’y of the portal by enhanc- 
ing its size, they carried up the projecting 
portion high above the opening. 

In adorning a building, the mouldings 
should be larger, more angular, and joined 
‘to deeper and more abrupt recesses on the 





outside than on the inside, where they are 
smaller and exhibit a greater amount of 
gradation. For distant views, as has been 
mentioned, large and well contrasted orna- 
ments are necessary, in order to make them 
seen as far as possible. Though mould- 
ings are not rigorously prohibited at the 
base of a building, yet, like in the Doric tem- 
ple, we should limit them greatly in size and 
number. ‘This is not often the case, how- 
ever, in Gothic architecture. The arrange- 
ment of vertical mouldings, and the group- 
ing of pillars around central piers supporting 
vaulting, should be governed by the prin- 
ciple of contrast. The repetition of the 
same moulding in the deep recesses of the 
Gothie arch, is to be noticed, with its ten- 
dency to exaggerate the thickness of the 
wall. In the better examples of the Gothic 
style, the ornamentation, including mould- 
dings, is confined almost exclusively to 
the interior; while on the exterior a great 
amount of large angular masses are to be 
seen. The propriety of this practice be- 
comes evident when it is considered that 
ornaments are minor features, not suitable 
for distant view, and, therefore, never as 
important as the disposition of the light and 
shade. Indeed, when angularity is re- 
quired principally on the outside, and cur- 
vation can be introduced effectively inside, 
then both will be the most advantageously 
placed. The decline of Gothic art was 
simultaneous with the disappearance of this 
principle. In all its great works, the stu- 
dent observes with pleasure how ornament 
was sacrificed to real grandeur, how vigor- 
ously hcrizontality was made subordinate 
to verticality. Where a modern designer 
would carry his mouldings around, as at but- 
tresses, the old cathedral builders stopped 
them abruptly. In ancient art we notice 
the contrary, how unbroken are the long 
horizontal lines. What grace would a 
Grecian temple have, designed according 
to the taste of to-duy? It is often imag- 
ined that simple work, however expressive, 
requires no art, and that where the eye is 
confused with a multitude of forms there 
must be much skill. This is, unfortunately, 
an opinion too prevalent. Things appar- 
ently the simplest, which seem so easy of 
execution that the novice flies with eager- 
ness to imitate them, but, as in catching ‘he 
will-o’-the-wisp, to have on'y a weary 
chase, are the work of real genius in all 
branches of art. 

Superior to all ornamentation by mould- 
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ings, is that with statues. However few 
the carvings and mouldings about a build- 
ing, if rich in statues, it has a beauty noble 
and attractive. Under the genial sky of 
Greece, statues may be exposed to the weath- 
er without injury, but in a humid north- 
ern climate a different practice must be fol- 
lowed ; they require to be placed in niches, 
or under protection, and a lesson may be 
learned on this point from the Gothic archi- 
tects. 

Having discussed the more important 
esthetic principles of architecture, we shall 
now pass to consider their application. For 
this purpose buildings may be divided into 
several varieties, varying in the severity of 
their treatment. It is plain that verticality 
and horizontality are independent of sucha 
classification. and thus there is obtained 
the scope necessary for classifying under a 
few heads the many styles which abound 
in architecture. Further, to each of these 
styles, independently of the others, the 
same classification may be applied ; indeed 
it marks the changes they have undergone 
during their existence. In the Gothic and 
Grecian styles no difficulty impedes its ap- 
plication. This premised, we shall com- 
mence with the expression requiring the 
most severity in its treatment, which is that 
of grandeur. 

In order that a building may appear 
grand, it should be large ; contrast must be 
introduced to a great extent, and gradation 
visible in the small features only. The 
large masses, therefore, ought to be angu- 
lar, while the openings must be covered by 
lintels. Prominent ornaments should be 
used sparingly. A few large mouldings, 
and as mauy small ones, may be intro- 
duced, but no more. The cornice alone, if 
one is needed, should exhibit a great con- 
trary flexure. The rest of the mouldings 
should approximate nearer to the Grecian 
than the Roman type. It is necessary to 
imitate nature, and present, either on the 
walls or on the roof, strict monotony in ex- 
tended masses of plain work ; taking care, 
at the same time, to have properly disposed 
masses of shade, of lines, of ornament. 
Large stones only, well proportioned, should 
be visible. Depth in openings is absolutely 
needed, and its effect must not be enfeebled 
by any attempt to diminish the intensity of 
the shade. Hence the sharp edges of the 
openings should be preserved. When 
it is feared that the openings are not suffi- 
ciently deep to produce the intensity of 





shade required, then bold projections may 
be introduced. These are readily obtained 
in a structure characterized by verticality. 
In one where horizontality prevails, the 
method of producing them is to give the 
cornice a decided boldness, support it with 
no corbelling, and treat in the same man- 
ner the upper projections of the openings. 
Instead of making the outer surfaces of 
these projections perpendicular, to increase 
their bold effect they may have, with their 
mouldings, an inclination towards the front. 
This practice has been previously noticed in 
connection with the disposition of mould- 
ings, and other effects besides have been 
attributed to it. Architraves, if used at all, 
should be plain. Pilasters introduced at 
the corners of the edifice and at the junc- 
tions of walls, where horizontality prevails, 
should be designed quite broad. Balusters, 
likewise, should have their breadth intensi- 
fied. 

A large building, to be surrounded with 
an air of extreme severity, and not to 
show any great attempt at refinement, 
must be massive, contain large extents of 
plain wall, and, to enhance its massiveness, 
must have its openings narrow, not high, 
and deeply recessed. When curvature is 
introduced either in the masses or in the 
details, it tends to soften somewhat the se- 
verity; though combined with breadth, as in 
Norman architecture, experience has shown 
that it is adapted to thesevere. Symmetry 
such a building needs; as well as order in 
the arrangement of the openings. No 
moulded cornice, and no ornaments without 
use, should be employed. In case columns 
are used, they ought to be heavier and 
plainer than in the previous style, resem- 
bling more piers than columns. The se- 
vere, and not very inviting aspect of this 
style, and also its great massiveness, causes 
it to be well suited for the architecture of 
punitive institutions. 

On a similar principle elegance should 
be the characteristic of all places where the 
mind is to be cultivated. But elegance in 
a building is, of all expressions, the most 
difficult to attain. The projections, though 
decided, should not be so prominent as in 
the grand style, and when as large, should 
be supported with corbelling. The open- 
ings may be either arched or not, tall and 
ornamented. Gradations ought to be fre- 
quent, and reflected curvature may be in- 
troduced in the corbelling and mouldings. 
Masses of plain wall and of shade are still 
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necessary, but not as extended as for ex- 
pressing the grand, which fact will give, 
consequently, more room for ornament than 
in that style. Still, ornament should be 
introduced neither sparingly nor in profu- 
sion ; it should be employed in judicious 
quantities, and wherever placed, as usual, 
it ought to be massed. Elegance has been 
obtained, like in the Ionic order, with little 
ornament. When designing this expres- 
sion, it is preferable to feel as if sufficient 
ornament has not been used, rather than 
to imagine that it can bear all which has 
been put on. Smooth, finely fluted, or 
reeded columns are very appropriate here. 
The difference between the elegant and 
the ornate lies not only in the amount of 
decoration, but also in its character. That 
of the ornate style should contain more 
curves of double curvature, while carving 
may be introduced at various points. All 
openings permit of being surrounded with 
elaborate architraves. Gradation in their 
forms may be practiced, like in the elegant 
style; but, when desired, the apertures 
may all be light and semicircular. The 
principle of contrast of light and shade, 
that is, of depth in openings and recesses. 
should be still kept in view, if the orna- 


ment is to possess distinctness and the 


building vivacity. To aid in promoting 
these effects, plain wall should be preserved 
in sufficient quantities. When a cornice 
exists it may be richly ornamented, but 
never so much as to destroy alternation be- 
tween decorated and plain surfaces. 

In villa architecture, where a polite air 
is to be given to the building, order, neat- 
ness, and small ornaments only, should be 
introduced. The most important consider- 
ations are, proportion, unity, play of light 
and shade. The height of the stories, that 
of the roof and the sizes of the openings, 
these influence greatly the appearance of the 
building. Surrounded by the gay aspect 
of nature, villa architecture is the proper 
field for the picturesque. The undulating 
ground, checkered into squares colored in 
various shades of green, and gradually ris- 
ing in the distance till lost in a long eweep 
of blue hills, the cattle scattered over the 
meadows, the trees grouped around the 
dwellings, and dotting, some here, some 
there, the entire prospect, form a series of 
circumstances propitious to the employment 
of this style. The picturesque results, there- 
fore, more from a collection of many objects 
than from any single one. It was so under- 





stood by the Greeks, who alive to its beau- 
ties, arranged their public buildings around 
squares adorned with trees and statues. 
These structures differed from one another 
in size, object, and situation, but were al- 
ways symmetrical. Here was to be seen 
one nestling in a grove, there another rising 
above them all and presenting its pure 
white in striking contrast with the green 
foliage around, while still in a different di- 
rection several close together, casting shad- 
ows from one to the other, charmed the eye 
with their negligent gracefulness. Long 
porticoes, also, some devoted to pleasure, 
some used as markets, gleamed through the 
trees. All such combinations of art and 
nature produce those accidental lights and 
shades characteristic of the picturesque. 
When the effect of a group of buildings is 
to be imitated in a single one, in order that 
the imitation may be correct, the varivus 
portions of it, as previously stated, should 
be symmetrical. Whatever the amount 
and vivacity of the play of light and shade 
thus obtained in one building, its effect is 
insipid compared to that of the true pic- 
turesque. This requires space to display 
itself; nature and art exert their powers to 
create it; a graceful, negligent irregularity, 
not in its objects, but in their arrangement 
characterizes it. No hope exists for the 
picturesque in cities solid wit brick and 
stone. 

It will be observed that general princi- 
ples only have been given respecting the 
attainment of the various expressions per- 
taining to buildings. No complete set of 
rules can be laid down, to arrive in each 
case at the desired end, for each case de- 
mands particular study. Sufficient, how- 
ever, has been said to conduct this study 
along the proper path, and even to ad- 
vance it considerably in this direction. 

Architects have discussed for a long time 
the advent of a new style; a style which 
is to follow the Grecian and the Gothic. 
Many have striven for the glory of produ- 
cing it, but their attempts have resulted in 
failures. This is what might be expected ; 
for styles were never sought; they rose 
to satisfy the needs of the times; rough in 
appearance at first, they became afterwards 
polished. Without the sublime mythology 
of the Greeks, the world would never have 
had the Grecian orders ; without the Chris- 
tian worship, no vaulted aisles would have 
filled with the swelling notes of the organ; 
without the Moslem creed, the minaret 





458 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





would never have been erected to praise the 
Creator, and call the earth to prayer ; with- 
out Norman valor, Norman castles would 
never have frowned from their misty 
heights, and without luxurious Italy, Pal- 
ladis would not have designed the architec- 
ture which has made his name immortal. 
It may be asked, then, have we not our 
needs? Our century, certainly, has not 
been wanting in activity; and, though 
boastful, has accomplished some great 
things. Institut:ons of learning, of science, 
and of art, halls and theatres, manufac- 
tories and warehouses, railwny stations, 
public buildings, and private residences at 
all degrees of cost, open an ample field for 
the exercise of genius. If these construc- 
tions be designed to fulfil to the greatest 
advantage their utilitarian purposes, no re- 
gard, meanwhile, being had to decoration, 
they will then indicate of themselves, to a 
clear mind, their proper dress. Thus only 
will we arrive at styles peculiar to our civ- 
ilization. It was in this way that our pre- 
decessors in art obtained their triumphs. 
Our needs be ng many, our styles will be 
numerous. Also, they will be flexible, and 


apparently variable, yet governed by under- 


lying principles. 

But we must guard against the desire to 
build more cheaply and easily than is war- 
ranted by experience. For art depends 
as much on material and workmanship, as 
on taste. It is quite lamentable to perceive 
how far a desire for economy has insinu- 
ated itself in all our work. After a struc- 
ture has been planned as economically as 
possible, it usually enters into the head of 
the builder to decorate it, and give it some 
pretension tu taste. Hence, ornaments at- 
tached with hooks ; hence veneers of stone 
and of marble. How long can buildings 
preserve their appearance, built and 
adorned in this manner? Indeed, what 
length of time can they last? If executed 
with the view of transmitting them to pos- 
terity, as samples of our skill, what can be 
the judgment of posterity? The evil 
would not be so conspicuous, if architects 
and mechanics would regulate their taste 
and work by sounder maxims, when em- 
a on a structure of importance. But 

ere also false economy brings with it all 
manner of deception. ‘The fine is desired, 
but it is only imitated. The imitition, be- 
sides, is the uglier from not being complete, 
and imperceptible. Sometimes it is placed 
solely on the font of the building, while 





the side and back exhibit an honest bare- 
ness, and a more ordinary material. The 
greater cost which is required to carry out 
the principles of genuine art, no doubt, may 
check many from attempting it; but by 
bestowing on essentials that which is so 
generally spent on foolish ornament, a 
great amount of the additional cost disap- 
pears. 

There is another course to pursue; 
which consists in moderating our aspira- 
tions, and contenting ourselves with hum- 
bler efforts. Workmanship and material 
ought to be of equal endurance, so that 
both may decay together, and not one out- 
strip the other on the march toruin. In 
general, let us have ashlar masonry with 
real headers and stretchers, like in olden 
times ; with beds and joints dressed deep 
into the wall, and as carefully for stability 
as the face for beauty; let the backing be 
as attentively built as the visible part of the 
work; let vaulting and massive walls con- 
tribute towards rendering our edifices grand 
and lasting: let the art of stone-cutting be 
developed among us in all its beautiful 
branches; let a severe, classic taste pre- 
side over our designs; let a building show 
on all sides the same material, the same 
attention to please; let a private dwelling 
look like one, and not aspire to the highest 
flight of the art—a Grecian temple; let 
Gothic be Gothic, and not imitated from 
imitated Gothic ; and finally, let us insist 
upon truth in art as in morals, remem- 
bering that a good effort, though of 
an humble kind, has character and a 
rank in the scale of art, whereas one 
which intends to deceive, is passed by un- 
recognized. 

The principles detailed in this paper, are 
those to which the author has been led in 
his search after the true. The Grecian 
and the Gothic, as styles universally ad- 
mired, have been his guides; while by 
their light he has seen in others much to 
laud and much to condemn. 

Paimaperpaia, Aug., 1874. 





HE manufacture of a rifled gun weighing 
81 tons, was recently begun at the 
Woolwich Arsenal, England. It will throw 
a shot of about 1,400 pounds weight, and 
is intended for the iron-clad Inflexible, 
which will carry four guns of this kind in 
its turret. They will be the largest pieces 
of ordnance in the world. 
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HEAT AND WATER. 


From “The Engineer.” 


The relations of heat to matter have been 
carefully investigated by many able men, 
and from the phenomena exhibited by mat- 
ter in various forms when heated it has 
been found possible to deduce certain laws 
of the last importance in science. But 
while we admit so much, we are also con- 
strained to confess certain phenomena con- 
nected with the relations of heat and matter 
require an explanation which they have 
not as yet received, and the reason for this 
is twofold. In the first place, men compe- 


laws in this particular case? Men must 
have something before them real, tangible, 
apparent to their senses, on which to hang 
their faith. In spite of all that has been 
written and said on the subject, there is a 


| deep-rooted conviction abroad that heat or, 


as some peop!e still call it, caloric, is a dis- 
tinct entity. It is so easy to picture to one’s 
self a fluid set free by burning fuel, poured 
through the boiler plates, and absorbed by 
the water. Again, water is looked upon 





as so much extremely fine shot into the in- 


tent to the task have not found time to in- | terstices in which the caloric finds its way, 
vestigate almost isolated phenomena, which | and forcing them apart little by little, at 
from the rarity of their occurrence do not | last overcomes their mutual attraction, and 
force themselves on our observation ; and in | separates them so widely that they become 
the second, from the fact that heat is but a steam. Sucha theory is readily grasped. 
form of energy and not an absolute self-ex- | It is, in a word, popular, and it is we know 
isting entity, complications are introduced | still held by thousands of fairly well-in- 
into the phenomena to which we refer which | furmed men. Others, although they will 
permit plausible but unsatisfactory expla- | not put their ideas into the same shape, yet 
nations to be assigned for events seemingly | find it almost impossible to get rid of the 
so rare that many persons are disposed to | notion that heat is a material fluid, al- 
doubt that they can occur at all. The re-| though they admit that the results of its 
lations of heat with that form of matter| operation are vibration. Now we know 

that both theories are wrong; if anything 
is certain, it is that that vibration of atoms, 
which is, as we have said, attributed to the 
influence of heat, is heat itself. ‘ Heat,” 


which we call water, are very peculiar, and | 
it is not perhaps too much to say that they | 
are very far from being fully comprehended; 

and yet as the engineer has a great deal to | 
do with heat and water in combination, it is | says Tyndall, “is not matter, but an acci- 
extremely desirable that the behavior of | dent or condition of matter, namely, a mo- 


the latter under all possible circumstances | tion of its ultimate particles.” ‘The con- 
when submitted to the influence of the! dition of heat,” says Rankine, “is a condi- 
former, should be perfectly understood. It | tion of energy—i. ¢., of capacity to effect 
would be impossible with the limits at our| changes.” Rejecting, therefore, as unten- 
disposal here to go deeply into this subject. | able the idea that heat is a material fluid, 
There are, however, one or two points con- | we are bound to regard it as a condition or 
aie — the subject which may be dis- | state of matter, and for the accepted and 
cussed with advantage in our pages. But | precise definition of this state we are in- 
we must caution our readers that we have | debted to Rankine and Thomson. We 
“« intention of doing more than calling | shall not attempt to go deeply into this def- 
their attention to a few fucts, drawing a few | inition here. It will suffice to say that the 
deductions from those facts, and leaving to | fundamental suppositions of this hypothesis 
=e the task of saying whether the de- | are that bodies consist of atoms; that each 
uctions which we suggest in anything | atom consists of a nucleus surrounded by 
rather than a dogmatic spirit, are or are | an elastic atmosphere; and that thermo- 
peg | metric heat consists in circulating currents, 
0 one will dispute that in all that con- | eddies, or vortices, among the particles of 
| ’ ‘ eel 

— the ee rod steam, nn te a = — a giving —_ ten- 
deeply interested. © process constitutes | dency to recede from their nuclei and occu- 
in itself perhaps the most important appli- | py @ greater space. From this theorem it 
cation of natural laws to a given end, known | has become possible to lay down a definite 
in the arts or sciences. How much do we | law of the operation of heat—to determine, 
understand about‘the operation of natural | in a word, the dynamics of an atom; and 
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this, be it observed, although at the outset 
it is as difficult for the mind to conceive the 
true atom as it is to realize a true point or a 
true line, according to the Euclid’s definition 
of each. Just, however, as Euclid was able 
to dispense with an accurate mental com- 
prehension of a point and a line, so is it 
possible to dispense with the perfect per- 
ception of an atom. Instead, we may, nay 
we must, take something which the mind 
can grasp; and as the student invariably 
regards a point in spite of Euclid’s defini- 
tion as a dot, and a line as a fine pen or 
ncil mark, so in dealing with heat we are 
justified in identifying the atom with a 
molecule, and a body of water as so much 
very small shot, each surrounded by an 
elastic atmosphere, and these particles and 
attendant atmospheres continually vibra- 
ting or moving among themselves, motion 
never ceasing until the point of absolute 
zero, or of no heat manifestation, or about 
461 deg. below zero Fah., has been reached 
—a state of matter, we may add, utterly 
unknown on this earth. Once we have got 
thus far, however, we are stopped by an 
impenetrable wall, beyond which we cannot 
go. Why the particles should possess mo- 
tion—in other words, why heat should ex- 
ist, or why it should be stored up in matter 
as it is, we can no more explain than the 
action of gravity. The hypothesis of heat, 
as we have given it, is good so far as it 
goes, because it is consistent with known 
acts. But it must be borne in mind that 
heat, or strictly speaking, that form of en- 
ergy known as heat, may produce effects of 
which we know next to nothing; and that 
its operation on various bodies is marked 
by certain anomalies which are not as yet 
fully accounted for. And this is specially 
true of water. The first action of heat, for 
instance, is to cause expansion. The atoms 
of the body tend to separate and vibrate 
through larger arcs or ranges. But water 
expands as it loses heat from a temperature 
of 39 deg. Fah. downwards. This has been 
explained by the theory of crystallization. 
The particles apparently begin to segregate 
themselves, and to leave open spaces be- 
tween each group. Why this should be, 
however, cannot be explained until we know 
why crystallization takes place—a profound 
mystery to the entire scientific world at 
present. The fact exists, nevertheless, and 
it supplies a somewhat familiar example of 
the truth that heat may produce, as we have 
said, effects of the true nature and sequence 














of which we are in total ignorance. It 
would be opposed to our experience, for ex- 
ample, to say that by the application of 
heat we could solidify mercury; but there 
is not any difficulty in imagining when we 
have the expansion of water with cold be- 
fore us, that a fluid might exist which 
would solidify under the influence of heat. 
It is essential to the comprehension of the 
line of argument we are adopting that our 
readers should realize the fact that heat is 
but a form of motion; that motion can be 
changed into heat or heat into force, but 
that we do not know the precise conditions 
which determine the conversion of heat into 
any other given form of energy. Thus, 
heat, light, and electricity, mechanical work, 
and magnetism, are all developments of 
energy. But it would be erroneous to as- 
sume that we know precisely when heat 
will become mechanical work instead of 
light or electricity. We do generally, and 
we can predict with tolerable accuracy the 
conditions determining the form which en- 
ergy may assume, but nothing more. Ina 
word, we do not know all about heat and 
its mode of operation, its influence, and its 
transformations. The world has a great 
deal to learn on the subject, and nothing 
can be more fatal to the spirit of investiga- 
tion than to believe that our knowledge of 
the laws and phenomenaof heat has reached 
the culminating point, and that Rankine, 
Joule, Clausius, Thomson, and Tyndall, 
have told us all that can be told on the 
subject. 

Presuming, then, that we do not yet 
know all that is to be learned about the re- 
lations of heat and matter, let us see wheth- 
er out of this very ignorance we may not 
be able to diaw some deduction of value. 
Let us, for example, apply our want of 
knowledge to the case presented to us by a 
boiler explosion. We shall be the last to 
dispute that nine hundred and ninety-nine 
boiler explosions out of a thousand occur 
from perfectly well-known causes; but we 
submit that certain events tend to show that 
boiler explosions may occur—but we do not 
say they do occur, be it remarked—from 
causes which are not understood and from 
the operation of laws not yet recognized. 
We have in every boiler, when under steam, 
an enormous quantity of energy stored up; 
that energy is practically in the same con- 
dition as the powder in a gun—it needs but 
the touch of the trigger to set it free. The 
millions of foot-pounds of work stored up 
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in a large boiler do not operate as work at 
all, because the motion essential to the per- 
formance of external work is not permitted 
to begin among the particles. The condi- 
tion is precisely that of a piston of an over- 
loaded engine—reduce the load and the 
piston moves, and the steam impelling it 
will give off hundreds of thousands of foot- 
pounds each minute, although before it was 
inoperative. Reduce the load on the water 
in a boiler, and the energy stored up can 
become motion, work will be done, and 
once it commences the result is seen in rent 
iron, shattered buildings, and torn and 
mangled human beings. There is not a 
boiler at work to-day that does not contain 
within its shell a force sufficient to rend it 
into atoms, and to create destruction around 
it. Is it then impossible that a condition 
favorable to the performance of external 
work may arise within a boiler? Is it cer- 
tain that the stored up work cannot get 
permission to begin to manifest itselt? Can 
it be proved that the only manifestation of 
the influence of heat on water consists in the 
conversion of portion after portion into 
steam? Such questions as these must not 
be dismissed flippantly. It will not do to 
assert that heat invariably, at all times and 
at all seasons, converts water into true 
steam, and does, and can, do nothing else 
with it. We have in a mass of heated 
water a condition of matter not remote from 
that condition of unstable equilibrium which 
obtains in explosive mixtures of gases or 
solids. Only a spark is required for the 
letting loose of the energy stored up in gun- 
powder or dynamite; and it may yet be 
found that the equivalent of a spark exists 
with regard to the stored up energy in 
water. Indeed, we know, as it is, that an 
equivalent does in one sense exist. The 
equivalent is the fracture of the envelope 
containing heated water under pressuie. 
A moderately large rent in a boiler will 
cause a reduction of resistance sufficient to 
establish free motion among the atoms in 
repulsion, and the destruction of the boiler 
is complete in a moment. It is possille, 
indeed, to have an explosion of any violence 
we please—it is simp'y a question of open- 
ing a sufficiently large rent to set the water 
free to expand and do work. If the open- 
ing is great enough, the water stored with- 
in the boiler will,to all intents and purposes, 
explode ; and this, we maintain, is one of the 
manifestations of heat energy on water which 
has not been investigated as fully as is 





desirable. It may be urged that water 
cannot explode. Any one who has been in 
a rolling mill working with watered rolls 
knows the contrary; each time a hot bar 
goes through, we have a volley of reports 
as though so many rifles had been dis- 
charged. Water quite freed from air may 
be heated to 312 deg. without boiling, and 
will then detonate like so much fulminate 
of mercury. It is difficult to believe that 
in such a case any true steam is produced ; 
the probability which we would urge on 
the attention of our readers is that instead 
of a portion only of the atoms of water fly- 
ing apart to the distance required to pro- 
duce true steam, a manifestation of energy 
takes place simultaneously through the 
entire mass of water, be it a drop or a ton, 
and that the result is a very considerable 
dilation of the entire mass without the 
production of true steam. That such a 
dilation is possible has been proved by 
laboratory experiments, in which the whole 
of a small quantity of water has been 
caused to become invisible, although the 
resulting steam, if soit may be called, did 
not occupy more than two or three times 
the space originally filled by the water. If 
we grant this to be possible in the case of 
the water in a steam boiler, we admit noth- 
ing but that heat can manifest itself as a 
form of energy in a way not usually met 
with. It is no more inconsistent with rea- 
sonable presumption to suppose that the 
work stored up in a boiler should suddenly 
be displayed in the tangible form of dilating 
the whole mass of water, and driving its 
particles farther apart, than it is to suppose 
that the only effect of the operation of a 
furnace will be to produce steam. It is 
contrary to experience to suppose that such 
a dilation can take place, but only to an 
experience which it may be asserted is 
limited. It may be pointed out again, that 
in every case where a boiler bursts with 
violence the exploding power of water is 
clearly proved. If it is argued that water 
cannot explode—by explosion we mean 
here the disseverance of a body of water 
into the finest possible spray, a spray of 
molecules by the natural repulsion of the 
molecules due to heat—then must the vio- 
lence of a boiler explosion from any cause, 
such as corro-ion, or over-pressure, or short- 
mas of water, remain utterly without 
explanation. But we know that the natural 
cohesion of the molecules is here overcome 
in an instant ; and that water highly heated 





462 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





does explode like so much gunpowder, and 
that to cause highly-heated water to explode, 
it is, for one thing, only necessary to re- 
move the pressure suddenly. From this 
follows the deduction with which we must 
conclude this article, namely, that if it be 


possible for water to explode under one 
condition, well understood, that it is not 
‘impussible it may explode under other con- 
ditions not understood, and as a result of 
‘strictly natural laws, the operation of 
| which has not yet been recognized. 





ARCHITECTURE—ITS SCIENTIFIC AND ESTHETIC ASPECTS.* 


From “ The Builder.” 


No one who is at all deeply imbued with 
a feeling of devotion to his art, and who 
has had to carry out his views, as best he 
could, in the rough friction of every-day 
life, with its many hinderances and dis- 
couragements, will undervalue the difficul- 
ties which beset those who would speak 
authoritatively about architecture. 

An artist in such a case would know but 
too well how far his own works have fallen 
short of his cherished ideal to be inclined 
to adopt that spirit of fierce denunciation 
which so often passes now-a-days for a 
knowledge of art. He would naturally be 
the severest critic of his own achievements, 
and would know that to his criticisms a tu 
gougue retort might often be expected. 
Nevertheless, whatever the difficulties which 
beset him, the lecturer must remember 
that in art, as in religion, the message is 
everything, the messenger nothing; and 
that in matters appertaining to architecture, 
more especially, difficulties only. exist in 
order to be conquered. 

1 can never forget my first experience of 
the Royal Academy lectures on architecture 
by Professor Cockerell. With him devo- 
tion to his art was a passion, chastened 
and regulated by the refinement of a scholar, 
and the thoroughness of a most conscien- 
tious artist. Urging, both by precept and ex- 
ample, the importance and exquisite beauty 
of Greek architecture, he was ever ready to 
hold out a helping hand to the wayfarer 
in other paths of art, for to him every artist 
was a brother. 

Since those bygone days there have been 
many changes in public taste and practice ; 
and it can do no harm to recall to memory 
a time when much was enforced which is 
now neglected, and to caution the art student, 
as Professor Cockerell was fond of doing, 
against mere “fashion” in architecture. 





*Extract from a lecture at the Royal Academy, b 
Edward M. Barry, R. A. . sats | 


| It might be instructive, and certainly 
would be interesting, to inquire into the 
various “fashions” which have prevailed 
since the days when this warning was first 
addressed by the Professor to the students 
of the Royal Academy in Trafalgar-square. 
Greek art and traditions were then more 
fully recognized by architects, in practice, 
than is now the case, and the Gothic re- 
vival was in its infancy. Professor Cock- 
erell was led by his natural tuste, and also 
by circumstances, to enter into the spirit of 
the architects of ancient Greece with all 
the devotion of an enthusiastic nature, much 
as was the case with our late distinguished 
member, Mr. Gibson, with regard tu sculp- 
ture. 

The latter, as we have lately been re- 
minded by Mr. Atkinson, would never tire 
of maintaining that the Greeks were always 
right; and his first object, when engaged 
in composition, was to discover how the 
Greeks would have dealt with a similar 
problem. 

His architect brother artist had arrived 
by study and research at a very similar con- 
clusion. Although not slavishly adhering 
to precedents, his works are so pervaded 
with the delicacy and finish of Grecian 
influences, that we can fancy him ever re- 
ferring to these classic principles as the 
main test of excellence, and repeating with 
Gibson, ‘‘ The Greeks are always right.” 

He neglected no opportunity of urging, 
by precept and example, the study of Greek 
art; and I venture to think that such ad- 
vice, although it may not for the moment 
be fashionable, was never more needed thun 
at the present time. 

Professor Cockerell had, moreover, an 
especial claim to attention, as having con- 
tributed in no small degree to bring a 
knowledge of his favorite architecture 
before his profession and the public. By 
his discoveries at /®gina and Basse he 
added fresh materials for that appreciation 
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of Grecian art which led thoughtful artists 
to consider what must have been the ex- 
quisite keenness of perception, mingled with 
a wondrous refinement in regard to the 
subtler effects of beauty, which animated 
those architects of old, who had so perfectly 
learned to work, hand and hand with the 
sculptor, each being necessary to the other, 
and euch contributing, to an extent never 
yet surpassed, to the perfection of the work 
before them. The enthusiasm which the 
Elgin and other marbles excited among 
lovers of art, led naturally to a strong ad- 
miration of everything which belonged to 
Greek architecture, and to a general attempt 
to introduce its forms and decorations into 
the buildings of the day. In this work 
Professor Cockerell had no small share; 
and though some of his teaching may seem 
to have been since engulphed in those whirl- 
pools of fashion which he deplored, it is not 
easy to prove that our art has passed into a 
more healthy condition by the adoption of 
different principles, or by the imitation of 
different models. I must therefore impress 
upon architectural students the neeessity 
of studying with more care than is now too 
often given to them, the principles of Gre- 
cian architecture. This is, of course, a very 
different thing from advising a pedantic 
reproduction of forms, or an actual copying 
ofexamples, which no one would deprecate 
more strongly than myself. Too much of 
this has been done already, and no one can 
desire the repetition of a movement which 
encumbered our houses and public build- 
ings with useless features, inconsistent with 
the wants of the nineteenth century, and 
the ex gencies of the English climate. 
But, while avoiding this snare, can it be 
useless to draw attention to the refinements 
which were habitual with the Greeks, al- 
though they can sca'cely be discovered by 
our apparently rougher perceptions, without 
previous study and the practice of critical 
observation ? 

The entasis of columns may be referred 
to as one of most prominent illustrations of 
my meaning. No one would now dream 
of designing a classical column without en- 
tasis, but this was not always the case; 
many modern’ columns have been made 
with straight sides, and the discovery of the 
refinement of the entasis was only made by 
careful study of the best examples. 

Mr. Penrose has shown us how many 
similar delicacies of proportion exist in 
Grecian work, to reward the student who 





has eyes to see and taste to appreciate the 
hidden beauties which lie benea:h the sur- 
face. 

Surely there are lessons here for the art 
student of all times ; and who can say that 
in these pushing, eager, restless days, 
there is no room for the still small voice 
which teaches that breadth, simplicity and 
refinement of proportion and ornament are 
the very essence of art, and that they may 
be seen displayed in the architecture of 
Greece as they have never been before or 
since. 

While calling to mind my pleasant per- 
sonal recollections of the days when Pro- 
fessor Cockerell enforced these principles 
from his chair with so much learning and 
earnestness, and a charm of manner pecu- 
liarly his own, these reflectons ‘have 
pressed upon me the conviction that what- 
ever may be the dominant fashion of the day, 
an investigation of the principles of beauty 
in art can never be without advantage, and 
that in such an inquiry the triumph of 
Greek architecture must ever hold a promi- 
nent place. 

I can also the more gratefully dwell upon 
Professor Cockerell’s teaching from a re- 
membrance of the catholic ty of his doc- 
trine. Striving by study and careful exami- 
nation to detect those principles of beauty 
which must ever be the same, however dif- 
ferently they may be illustrated or empha- 
siezd in various styles, Professor Cockerell 
gave no encouragement to an intolerant 
depreciation of forms which were not those 
to which be gave his special allegiance. 
No one could express more heartily and 
unreservedly his admiration of Meuizeval 
architecture ; and some of you may remem- 
ber the learning and artistic sympathy 
which he brought to bear on Wells’ cathe- 
dral and other Gothic masterpieces. 

As regards this liberality and breadth of 
view, it cannot be out of place to point out 
that if, with our historical knowledge, we 
are ever to have great artistic achievements 
in the future, the artist must rise superior 
to those prejudices which would seek to 
close whole volumes of past history, and 
would confine him to a narrow line of study, 
and still narrower sympathies. 

It is now seventeen years since Mr. 
Cockerell retired from the Professorship of 
architecture at the Royal Academy, a few 
years only before his death, in 1863, which 
left a gap in our profession that has never 
been exactly filled. It may well be said of 
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him, that his works live after him, and that 
he has left enduring claims on our respect 
and admiration in this place. 

In entering upon the object of these lec- 
tures it must, I fear, be admitted that the 
rae before the architectural student 

as never been more beset with perplexity 
than at the present moment, when so many 
difficult problems are daily pressed upon us 
for solution. 

What form is our art to assume? On 
what styles of past days is it to be based? 
Or is it to be altogether new? In what 
way are modern scientific discoveries to be 
dealt with? Isan architect to be a sculptor 
and a painter also, before he can be termed 
a true artist? These are only a few of the 
controversies which will readily occur to 
your minds as now calling for consideration, 
while over and above them all voices are 
loudly heard proclaiming that our whole 
system of architectural practice must be 
revolutionized, and that success will best be 
achieved by deposing the architect from his 
post of supremacy in favor of a commune of 
workmen. 

Many signs of the times point to a disor- 
ganization of public taste, leading to an in- 
difference to what is good or bad in archi- 
tecture; and it daily becomes more neces- 
sary to find some resting place on the true 
principles of art. 

If we look around on the state of architec- 
ture generally among civilized nations, we 
must be struck by the fact, that all over 
the world a period has occurred when its 
productions have ceased to display the 
higher artistic qualities formerly inherent 
in them, as if they had been suddenly par- 
alyzed by some fatal disease. In our own 
country we can trace the wonderful prog- 
ress of Medizeval art, from the days of 
Harold to the time of the Edwards, and 
thence by a process of decline to its fall, in 
the Tudor reigns. We have since seen re- 
vivals, both of classic and Medieval types, 
and of these I must hereafter speak a little 
in detail. It is certainly difficult to assign 
the reason why, up to a particular time, it 
appears to have been natural for men to 
love and achieve beauty in their works; 
while, in these later days, ugliness would 
seem to be the common heritage. 

We know that, formerly, every detail of 
architecture was replete with interest, as 
if by instinct, so that the very hinges of 
doors were works of decorative art. This, 
moreover, was not done, as it might be 





done now, in exceptional cases, but it was 
the rule. The men who carried out these 
works were evidently penetrated with the 
spirit of their art; and it was as natural to 
them to work gracefully as it is to the mod- 
ern workman to create useful ugliness. 
This difference of spirit dates chiefly from 
the discovery of printing, and the Ref- 
ormation, which encouraged freedom of 
thought, and opened to the intellect of man- 
kind paths till then closed or little fre- 
quented. 

We cannot suppose that the sum total of 
human intelligence decreases as years roll 
on and the world grows older; but may it 
not be that we shall find the exp!anation of 
the apparent decline of the artistic faculties 
in the diversion of force, occasioned by the 
devotion of the intellect to other lines of 
thought and achievement? In past times 
the want of facile means of communication 
kept the bodies of men rooted to the spot 
where they were born, and the absence of 
intellectual freedom closed to their minds 
those spheres of usefulness which are now 
open to all. 

Abbeys and cloisters contained recluses, 
who, in separating themselves from the 
world, were glad to devote themselves to 
those artistic pursuits, such as architecture, 
painting, sculpture, music, illumination, 
embroidery, and the like, which would add 
to the splendor of the church and its ser- 
vices, and would be free from any suspicion 
of heretical free-thinking. 

The pursuit of learning has had an op- 
posite effect. It has prevented the intelli- 
gence of the world from being concentrated 
on any one subject, or group of subjects, 
and it has caused the great mass of the 
people to care more for philosophy and 
science than for art. 

We are surrounded in this place by the 
buildings of learned societies, and there are 
many others scattered about London and 
the country, while the progress of science 
adds daily to their numbers. I was as- 
tonished to hear lately that for telegraphic 
engineering, a profession almost of yester- 
day, there is now an institution numbering 
upwards of five hundred members. 

Before this scientific activity became pos- 
sible, we may assume that a large portion 
of the intellectual and constructive powers 
of mankind which are now given to it was 
likely to be devoted to some of the various 
branches of art, which was, in fact, the 
common language of the educated classes. 
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We may as well expect to turn back riv- 
ers to their sources as to reverse the great 
tide of modern thought ; and all experience 
of its tendency shows that it flows in the 
direction of the division of labor. The 
stream of knowledge is now so great that 
no man can venture to think he has mas- 
tered it all; and even the greatest minds 
must be contented to follow thoroughly 
some rivulet of truth, while accepting, on 
other points, the dicta of fellow-inquirers. 

This being so, we cannot expect archi- 
tecture to be any exception to the general 
law. It cannot command public interest if 
it ceases to be the expression of the wants 
and tastes of men. 

Considering, moreover, the tendencies I 
have alluded to, can it be seriously imag- 
ined that the architecture of the future is 
to be committed to individual workmen, 
giving no guarantee of harmony, and owing 
no allegiance to the superior authority of 


the architect? The whole teaching of ex- 
perience appears to be opposed to such a 
proposition, and to prove that the architect 
of the future shouid be not only a skilled 
artist, but also a man of scientific knowl- 
edge, and in harmony with the spirit of his 


time. 

While it is true that we should gain by 
having our buildings expressions of the va- 
riety of interest, caused by the devotion of 
many minds to the details of the work, it is 
still essential that there should be a guiding 
spirit, and this must be that of the archi- 
tect; the true reform of ordinary archi- 
tectural practice would be to lessen the 
oppressive burden of petty business cares, 
which, under our present system, press 
daily upon him, and tend to deaden his 
devotion to pure art. 

Every age of the world we live in has its 
own special characteristics, just as is the 
ease with the human unit, and we mis- 
understand the teaching of history if we 
suppose that the outward signs of progress 
must always be alike, and must be the same 
in kind and degree as those to which men 
have been accustomed in the past. The 
architects of old worked, as we have no 
doubt, in perfect harmony with the spirit of 
their times, and we must expect to find 
that their mission and ours diffir widely, 
according to the variation of circumstances 
and the characteristics of different ages. 

In many respects it may perhaps be 
asked whether architects, in these utilita- 
rian days, do not work under less favora- 
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ble conditions than their brethren of old. 
It is difficult, for example, to approach the 
composition of a great work of art with a 
mind depressed by insistance on the “ lore 
of nicely-calculated less or more.” In pri- 
vate works, of course, financial considera- 
tion must always have ruled ; but it is not 
easy to believe that the great public monu- 
ments of antiquity were constructed on this 
disheartening principle. 

We can scarcely expect again to have 
great architectural triumphs, if the question 
about any important public work is, not— 
how shall we get a worthy building? but,— 
how little can it be made to cost ? We cannot 
fancy the architects of Westminster Abbey 
compelled to cheapen their design by reduc- 
ing their mouldings, omitting the diapers and 
carvings, or leaving out the groined roofs, 
in order to save expense. It would, of 
course, be easy to blame architects for 
failure under such circumstances; but 
would it be fair to do so? 

I only put this question hypothetically ; 
for, though we may conceive that such 
things might happen in Laputa,we must not 
suppose that they could occur in a country 
like ours, so rich and so prosperous, that it 
is the treasure-house of the world,—a coun- 
try which provides, moreover, museums, 
picture-galleries, and a Government depart- 
ment of science and art for the cultivation 
of the public taste. 

Great nations, however, sometimes do 
little things, and their very greatness makes 
them impervious to criticism. It has been 
said tlfat no one but a banker could walk 
down Lombard street in a bad hat; and ina 
similar way, it is perhaps only rich com- 
munities that can afford to show with 
impunity a public indifference to art. At 
any rate, in our own case, artists may be 
allowed to hope that the spirit of utilitari- 
anism, pure and simple, will never be 
allowed to be the sole guide of public policy 
in respect of architecture. It will not be 
creditable to us if history should record that, 
with pecuniary resources beyond those of 
any other time or country, we leave as our 
contribution to architectural art, public 
works showing, in their mutilated features, 
only too evident proofs of a parsimonious 
origin. 

From these possible difficulties of the 
architect, we will now turn to other con- 
siderations. We are often told that a new 
style is the want of the time, though why 
this should be required more than a new 
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language, it is difficult to say. We have, 
however, to decide if novelty is to be our 
aim in architecture, or if it is to be archex- 
oogy. Again, is engineering architec- 
ture? and if not, where is the missing 
lnk? You will peiceive how many sided 
is the study of our art, and how much it 
differs in that respect from painting and 
sculpture. One difference will at once 
suggest itself, in as much as architecture 
is a science as well as a fine art. 

A painter designs his picture, happily 
for himself, with no thought of construc- 
tional or economical difficulties. The 
shadows which fall so easily from his brush 
must be constructed by the architect. The 
latter must seein his mind the effects which 
he intends to produce, and must build them 
up, not on canvas or paper, but gradually 
and painfully by the hands of others. If 
the result tall short of his expectation, he 
has no power of alteration, no facilities 
for heightening lights, or deepening shad- 
ows. He must be an artist in his design, 
a man of science in its execution. His 
science, moreover, must be useful, and not 
merely speculative. Architecture must not 
only please the senses. She has to justify 
her very existence by usefulness. Exter- 
nally, she may indulge in grace of form, 
limited only by the exigencies of climate, 
construction, and by durability. Internally, 
she must accept the necessity of being 
bound to combine convenience and fitness 
with beauty. The arts of design and of 
building must not clash; but their com- 
bination should give a sense of propriety 
and repose. They should, in fact, illustrate 
the lesson which Mr. Weekes taught us 
so well a few nights ago with respect to 
sculpture, that “ beauty is utility.” 

Architecture must then contrive and con- 
struct its artistic effects, remembering al- 
ways that they must grow naturally out of 
the circumstances of each case, and that 
the greatest art conceals its modes of ope- 
ration. Nothing can be worse than the ob- 
trusion of details, obviously not required, 
except for display, sacrificing the higher 
qualities of art to a pretentious fussiness. 

Without ornament, indeed, architecture 
as a fine art does not exist. Nevertheless, 
though ornament may be essential, it must 
be an integral part of true architecture, 
not a mere applique, like the beauty 
gga of the court ladies of Lely or Knel- 
er. 


Tv. 
It follows, therefore, that architecture 





must be studied by those who would prac- 
tice it, both as a decorative art and asa 
useful science. 

If to some architecture may seem to be 
degraded from the position of a fine art by 
its utilitarian associations, it must not be 
forgotten that to this circumstance it owes 
much of its attractiveness to all sorts of 
people. It may, therefore, be well briefly 
to consider this phase of the subject, and 
to pause for a moment in order to examine 
the grounds of interest which architecture 
possesses for various minds. 

We shall find that it has many charms 
for many votaries, and that it may be 
studied for various reasons, and from differ- 
ent points of view. Thus, for some its in- 
terest is mainly archeological or historic ; 
for others, scientific; and for others, purely 
artistic. Of these, the archeological is, 
perhaps, the aspect which is most common ; 
for who is there so indifferent as not to care 
for the greatness of the past, and the proud 
deeds of ancestors? The sentiment of in- 
nate patriotism alone forbids that national 
monuments of architecture inherited from 
antiquity, and handed down from age to 
age, should be allowed to perish ; and it is, 
therefore, natural that we should find that 
a certain archzological knowledge is prized 
as a necessary part of the acquirements of 
educated men. Indeed, some sort of arch- 
wological taste may be said to be universal, 
for even in the most savage tribes, tradi- 
tions and ancestral “customs,” often, as we 
know, of the most horrible nature, are 
practiced and venerated simply for their 
antiquity. 

This kind of archzology is, of course, 
far removed from art; it interests itself in 
objects of antiquity because of their age, 
and not because of their beauty or artistic 
value ; it seeks only to satisfy those crav- 
ings for a knowledge of the past, which are 
as much a part of our nature as the yearn- 
ing to discover the secrets of the future, 
which has always pervaded every people, 
nation, and language. 

In architecture, archeologists find a 
fruitful field of inquiry, apart altogether 
from any search after beauty. Heraldry, 
for example, one of the most important of 
archeological studies, is so allied with 
architecture that it is difficult to study it 
without, at the same time, learning to ap- 
preciate architectural furms, and the various 
gradual modifications of them, wiich have 
been brought about at ditferent dates. 
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Thus, to mention only a trifling instance, 
the shape of the shields on tombs will 
serve to mark the date of the monument; 
and no archeologist would confound the 
early twelfth-century shields of the Knights 
Templars in the Temple Church with 
those which abound in Henry VII.’s Chapel 
at Westminster. In the one case there is 
a long and simple acutely-pointed triangle ; 
in the other, more complex curves, and a 
width nearly equal to the height. This, of 
course, is more an archeological than an 
architectural detail, but it may be referred 
to as showing the importance to the archex- 
ologist of observing architectural forms; 
and such observation would naturally lead 
up to the more extended inquiry of the 
architect into those gradual changes of the 
shapes of columns, arches, window tracery, 
and the like, which mark so clearly the 
step by step advance and decline of Mediz- 
val architecture in this country. 

In nothing has our time been more re- 
markable than in the impetus given to arch- 
ological inquiries, and there are now few 
parts of the country which do not display 
results of the activity of those who have in- 
terested themselves in the architectural re- 
mains of past days. 

This archeological taste has found its 
chief vent in the very remarkable revival 
of Medieval church architecture which the 
present century has witnessed, and to which 
I shall have to return in my next lecture. 
A movement partly theological, partly arch- 
wolugical, has covered the country with 
restorations, and new works carried out 
in the spirit of restorations. The expendi- 
ture on our cathedrals and old parish 
churches has been enormous, and besides 
this, new Gothic churches, school, and 
buildings, chiefly ecclesiastical, have arisen 
as if by magic around us. 

This circumstance is the more remark- 
able, when we contrast with it the compar- 
ative apathy on such subjects, of France, 
and the continent of Europe. It is also 
noticeable, as having occurred at a time when 
free thought is pushed to its utmost limits, 
and when, in most things, men are apt to 
re,ard the past with unquestioning rever- 
ence. 

If we ask, however, how far the revival 
movement has forwarded the interests of 
art, the answer is not quite clear, and prob- 
ably the time is hardly come when a com- 
plete answer can be given. A great meas- 
ure of success has doubtless been obtained 





from an archeological point of view ; but it 
may be hoped, rather than asserted, that a 
greater insight has been gained into the 
true principles of architecture, which may 
lead it to progressive glories hereafter such 
as those that have been chronicled in the 
past. To critical observers, who regard 
this state of things with impatience, and 
are ever calling for novelty and revolution, 
it may however be suggeeted that a knowl- 
edge of the past is the best education for 
progress in the future, and that after the 
period of artistic darkness which marked 
the commencement of the present century, 
it was inevitable that any earnest revival 
should assume an archeeological comp!exion. 
It may be that this powerful force has now 
spent much of its power ; and it is certainly 
difficult to see how revivalism, pure and 
simple, can go much further than it has al- 
ready done; but the question still remains 
whether our art in the future is to be based 
on Medieval principles, to which alone 
some would bid us look for the secret of suc- 
cess. 

If this is to be the case, it follows that 
no other style should be cultivated. Is 
this a conclusion that can be accepted, with 
the evidence around us, of what the revival 
has done for us? Is it consistent with the 
development of the sister arts, in all their 
fulness in connection with architecture ? 
May it not rather be due to an exaggeratioa 
of that archeological study of which we 
have been treating, pushed beyond the 
point at which it ceased to act as a trust- 
worthy guide? It is the more necessary to 
guard against the fascinations of a purely 
archeological view of architecture, from the 
circumstance that our Medizeval revival has 
been from the outset very much mixed up 
with questions of religion and ritual. These 
matters can of course be only barely alluded 
to here; but it is necessary for the student 
to keep them in mind, if he would under- 
stand clearly the history of the powerful 
movement to which reference has been 
made. 

Architecture has in all ages been inti- 
mately connected with the religions of man- 
kind, and the great monuments which re- 
main to us are for the most part the result 
of the devoiional feelings of those who erect- 
ed them. Thus we have the tombs and 
temples of Egypt and India, the temples of 
the Greeks, and the cathedrals of the 
Middle Ages. It was natural, therefore, 
that any great religious revival should show 
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itself in our architecture. In addition to 
this ecclesiastical influence, there has also 
arisen a keen desire to inquire, more min- 
utely than has hitherto been usual, iuto 
daily details of past history, and historians 
have sought to give us careful pictures of 
the manners and life of olden times. No 
one pursuing such researc!:es could neglect 
architecture, which yields the most valuable 
result, when studied in connection with the 
history of people and countries. 

It will thus be seen that to archsolo- 
gists architecture offers a very storehouse 
of treasures, and that in that great study of 
mankind which we call history, the architect, 
the antiquary and the historian work hand 
in hand. 

We have now to consider yet another 
mode of viewing architecture, distinct from 
archeology, and having iittle or no refer- 
ence to its artistic character. 

Architecture being, as has been said, a 
science as well as a fine art, we cannot af- 
ford to neglect the attractions she presents 
to scientific men. Science being essentially 
progressive, we might fairly expect architec- 
ture, in so far as she leans on science, to be 
progressive also; and the complete separa- 
tion of what we call engineering from all 
sympathy with architecture, is a tact which 
is rather suggestive than satisfactory. 

In seeking to forecast the future pros- 
pects of architecture, it is impossible, there- 
fore, to overlook its scientific and mechani- 
cal, as distinguished from its archeological 
and artistic qualities. No one can doubt 
that in our time these characteristics of our 
art will be full of interest to many who, in 
other respects, care little about it. They 
will dwell upon the fact that architecture is 
a useful art, and has no raison d’et re ex- 
cept her powers to serve the necessities of 
mankind. To these the science of building 
offers special attractions. How was it that 
nations on whom we are apt to look down 
have carried out works the difficulties of 
which excite even now our wonder and ad- 
miration, in spite of our greater mechani- 
cal knowledge ?—works, dating, moreover, 
from what may be termed the infancy of 
the world? Is our greater mechanical prog- 
ress only to drive out beauty and enthrone 
utilitarianism ? 

The great monuments of Egypt, for ex- 
ample, are sufficient to raise numerous ques- 
tions of the greatest interest from this point 
of view—lKgypt, whose pyramids, temples, 





engineer of to-day, which are now being 
urged on around them, with the contempt 
vf a mighty unchangeable monarch for an 
upstart of yesterday. Here indigenous arch- 
itecture seems to have died out, and West- 
ern civilization is represented by the shriek 
of the locomotive in the silent wastes of the 
African desert. 

Few things, again, can be more interest- 
ing and suggestive than to study the influ- 
ences of climate, race, and habits, on archi- 
tectural forms, and to notice how construc- 
tion has given birth to beauty—as, for ex- 
ample, by the introduction of the arch, the 
use of columns, bold projections to shelter 
from the rays of the sun, etc. These may 
all be termed the utilitarianism of our art, 
and are as interesting to the engineer as to 
the architect; but you will see how closely 
they are connected with artistic beauty, and 
how necessary it is for the architect to ac- 
cept frankly and thoroughly the conclusion 
that his art must be accordant with the 
laws of convenience and common sense. 

How far this conclusion may be carried 
is the problem before him. Make conveni- 
ence the absolute ruler, and the result is 
the ugliness and barrenness of modern en- 
gineering. Depose it altogether, and our 
art will become the laughing stock of a 
world fully alive to all the advantages, 
though perhaps not a little deaf to the dan- 
gers of a highly-wrought and mechanical 
civilization. 

Engineering may almost be said to have 
discovered the use of iron, as employed for 
construction in these later times, and in the 
choice of materials, the architect must, in 
any case, be influenced by scientific consid- 
erations. Materials, moreover, govern de- 
sign. Assuming that the principles of the 
design of the Parthenon are based upon 
traditions of wooden construction, we can 
see that the modifications of size and form 
of the various parts which have been adopt- 
ed in marble, were the necessary conse- 
quence of employing a different material. 
This principle of using fitting materials, 
and designing accordingly, was never bet- 
ter carried out than by the mediseval archi- 
tects of our own country. 

Thus, in districts where stone was good 
and abundant, we find groined roofs and 
elaborate masonry. In places where timber 
was the best material available, we see the 
curious timber constructions, and the beauti- 
ful open roofs which distinguish the architec 
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shire, and some other English counties. The 
brick architecture of North Germany and 
Belgium will also readily occur to you as an 
illustration of this principle, and you will 
see how our art, in its best days, has al- 
ways recognized utility. We may be sure 
it must always preserve this character if it 
is to retain the respect of mankind. 

In the aqueducts of ancient Rome we 
have a proof that it is not necessary that an 
engineering work of the most utilitarian 
character should be tasteless and ugly, and 
there can be no reason why the architett 
should not sympathize with the engineer, 
quite as thoroughly as he has been accus- 
tomed to do with the archeologist and his- 
torian. 

It is, however, the merit of architecture, 
that while admitting to the fullest extent, 
the varied interests to which I have re- 
ferred, it possesses yet another, the great- 
est and most comprehensive of all, in its 
artistic character. The mother of art, it 


welcomes under its roof all that can claim 
fellowship in that glorious brotherhood. 
Indeed, architecture cannot be said to dis- 
charge its true mission as a fine art in its 
fullest sense, except in alliance with its two 


sisters of sculpture and painting. 

This consideration can hardly be too em- 
phatically insisted on as regards its bearing 
on the style of the future, of which we hear 
so much nowadays. With regard to this 
combination it must always be remembered 
that architecture, like music, is a conven- 
tional art, while painting and sculpture are 
imitative arts. Nature must ever be, in a 
greater or less degree, the teacher and judge 
of the latter; while architecture can be re- 
ferred to no rules but its own, and to that 
subtle sense of beauty and fitness which is 
implanted in the human breast. It is this 
instinct, refined and cultivated by art, which 
forbids that we should be satisfied with the 
bare .provision for our wants supplied by 
engineering, and makes us desire some 
grace to be added to the simple necessities 
of structure. To add this grace without 
affectation or untruthfulness is the duty of 
architecture as a fine art, and her work 
must not only display beautiful detail, 
but also fine proportions. It is but too com- 
mon to overlook the absolute necessity of 
good proportion, and to rely on ornament 
alone. This dangerous tendency has been, 
perhaps, somewhat fostered by the greater 
attention lately given, and rightly given, 
by students to free-hand drawing. It 





is a tendency to be carefully watched, as it 
easily leads to abuses. Nothing can be 
subtracted with impunity from a perfect 
work of architecture ; but it can better suf- 
fer a loss of its ornamental details than an 
injury to its proportions. 

The Greeks were probably the greatest 
masters of proportion the world has yet 
seen; but the tendency of our own later 
time has too often been to ignore this impor- 
tant quality, to the lossof refinement and 
of true architectural grace. Perfection of 
proportion does not mean, however, neglect 
of scale, as is sometimes erroneously sup- 
posed. We have all heard it said that St. 
Peter’s at Rome looks smaller than it really 
is, in consequence of the harmony of propor- 
tions; but this is, in my opinion, altogether 
an erroneous and misleading statement. If 
St. Peter’s does not impress us with its real 
size, we must seek the reason elsewhere 
than in its good proportions, for it can be 
no merit in a great architectural work to 
efface itself. An architect is not to be 
thought successful, if the gross result of his 
employment of great opportunities is only 
to produce at a vast cost, the impression 
that would be created by lesser efforts. 
The real truth about St. Peter’s is, not that 
the proportions reduce the apparent scale, 
but that the harmonious effect of the pro- 
portions is marred by incongruous detail 
and fewness of parts, all on a gigantic 
scale. The enormous order and huge fig- 
ures, and not its beautiful proportions, have 
to answer for any disappointment with St. 
Peter’s. If the parts of its architecture had 
been smaller and more numerous, with its 
general proportions remaining as at pres- 
ent, St. Peter's would have appeared, as it 
is, one of the largest buildings in the world; 
and the interior, more particularly would 
have gained the effects of scale without 
losing those of proportion which it now pos- 
sesses. 

The student will learn from this exam- 
ple that he must not be satisfied with the 
sensation of pleasure, or dissatisfaction, 
which he experiences when face to face 
with great monuments of architecture; he 
must inquire the reasons of their success or 
failure, and seek to define the secret of the 
harmony or incongruity of their details and 
proportions. 

To those who study architecture in this 
spirit, beauties will be revealed which are 
hidden from the mere utilitarian observer, 
and they will at the same time gain an iu- 
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sight into the difficulties as well as the re- 
sources of their art. 

Owing to the universal interest which 
architecture possesses, we find that it can 
attract the unlearned, probably to a greater 
extent than the sister arts are able to do. 

The grand effects produced by scale alone 
may often suffice to explain the impression 
a on the minds of the multitude, 

y an art which does not work in aristo- 
cratic seclusion, for the benefit of the few, 
but appeals openly to themany. Of course, 
it will only be the few who are qualified, 
by study and knowledge, to speak authori- 
tatively on its inner subtleties, and its 
broader characteristic must always be those 
that will interest the uninstructed observer. 

To be able to see properly will ever re- 
quire education, and the power to criticise 
is not an instinct, although the power of 
grumbling may beso. There can be little 
doubt that an art so essentially conventional 
as architecture can only be fully appre- 
ciated by those who bave acquired an in- 
sight into its principles. Whether in re- 
spect of painting, sculpture, or architecture, 
whatever there may be of instinctive appre- 
ciation in individuals, the power of sympa- 
thetic critic'sm can only be gained by knowl- 
edge. In fact, in these cases there is room 
for what may be called the science of art,— 
science being, after all, only the concentra- 
tion of the existing accurate knowlege of 
any given subject. Indeed, even in observ- 
ing nature itself, men find the advantage of 
acquiring instruction, although it might 
have been supposed that enjoyment of her 
charms would be a thing of course. There 
cannot, however, be a doubt that this feel- 
ing has varied greatly with different races, 
and even with different generations, of the 
samerace. Those who know Mr. Ruskin’s 
descriptions,—say, for example, his analysis 
of clouds, trees, and mountains,—will see 
how much increase of pleasure in the beau- 
ties of Nature herself may be gained by a 
scientific study of her phenomena, which 
forms, in effect, the art of “how to observe,” 
Knowledge, then is required in the critic 
as well as in the artist, and where it 
abounds a genuine criticism is of the 
highest value. 

It points out to the younger aspirants 
the way of progre-s, and exhibits the mod- 
eration and diffidence which accompanies 
true knowledge. Itis, of course, free from 
that arrogance and bitterness which has led 
t he present Prime Minister to refer to critics 





as “those who have failed in literature and 
art.” 

I have now touched lightly upon the in- 
terest excited by architecture in its three- 
fold aspect,— archeological, scientific, and 
artistic. The latter quality is that with 
which we have chiefly to deal in this place, 
but the others must not be neglected. There 
can surely be no reason why architec ural 
progress should be regarded as at an end, 
when we consider the permanent interests 
which she has in her keeping. Whatever 
changes the future may bring forth, the art 
of building must ever be a necessity, and 
there will always exist tastes, and artistic 
aspirations, which will refuse to be satisfied 
with bare engineering. Architecture, then, 
must ever have charms for ail; reserving 
the greatest enjoyments for those who, hav- 
ing learned to observe properly, can enter 
into the inner sanctuary. It is not neces- 
sary that she should demand an unanimity 
of taste, which, if possible at this stage of 
the world’s history, would be undesirable ; 
and she is, therefore, able to rely on that 
universal love of beauty, to which, after all, 
must be the final appeal of art. 

We have seen that there should exist 
among civilized men an interest in architec- 
ture, which while exerting varying degrees 
of attraction on different orders of min js, 
would yet lay claim to a catholicity denied 
to other developments of the artistic faculty. 
To the archeologist she offers the key by 
which he can open the stores of knowledge 
of the past ; with the engineer, she will co- 
operate ia working out the destinies of the 
present; while to the artist, whether paint- 
er, sculptor, or architect, she gives a 
welcome, and displays treasures of exquisite 
beauty and infinite variety. Moreover, 
striving onwards for the future, while rev- 
crencing the past, she does not hoard her 
charms in any churlish spirit, but throws 
open her treasures to all the world. _ She 
connects herself naturally with the history 
of mankind, with the public and private 
life of nations, with their knowledge and 
progress. She has ever been the handmaid 
of religion,—the nursing mother of art. 

Such has been architecture in the past. 
What is it to be in the future? Are its 
triumphs over? Are we to be content with 
the copying of barren revivals? Surely 
this can not be. All sense of artistic beauty 
has not vanished before the steam-engine. 
On such of you, gentlemen, as have just 
entered, or are about to enter, the noble 
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profession of architecture, these questions 
will press, and from you will require a so- 
lution. If they are to be answered satisfac- 
torily, there must be no half-hearted de- 
votion to your art. Moreover, in these 
days, far more even than in those of Vitru- 
vius, an architect should not be the mere 
master-mason, to which some writers would 
seek to reduce him. No one can afford to 
lightly estimate the value of general cul- 
ture, and certainly not the architect, as a 
member of a responsible, difficult, and 
learned profession. 


Remember the catholicity of art, which | 


forbids bigoted intolerance and opinionated 
dogmatism. Study carefully for yourselves 


the remains of ancient masterpieces in our 
museums, and in the grand old buildings 
both abroad and at your doors, and avail 
yourselves fully of the facilities which are 
offered in this place and elsewhere for free- 
hand and figure drawing. 

As regards science, do not let it be said 
that architects are behind the age, but 
qualify yourselves to take your partin it 
with knowledge, enthusiasm, and integ- 
rity. 

Great characters lead to grand ideas; 
noble thoughts produce noble deeds; and 
if you will bear this in mind, my first pro- 
| fessorial lecture will not have been given in 
| vain. 








THE EDUCATION OF CIVIL ENGINEERS. 


By THOMAS C, 
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Men’s characters are the resultant of two 
factors, birth and education—education, 
used in the broadest sense of the word, and 
meaning the development of all our facul- 
ties, both by instruction or the education of 
the schools, and by that larger education of 
the world which comes from experience and 
practice. 

Some men are born with such great nat- 
ural abilities that they educate themselves 
in spite of adverse circumstances and be- 
come leaders by the sheer force of genius. 
But such men form the exceptions and not 
the rule. Most of us are quite as much, if 
not more, indebted to education for success 
in life, than to our natural powers, and it is 
of the education of this class for that profes- 
sion or art which we call Civil Engineering, 
which I have to speak. 

The methods of this education used in 
this country and in England differ materi- 
ally from those on the continent of Europe. 
Here we begin by a course of study at some 
school, college, or technological institution, 
and complete our education by serving as 
assistants on some class of public works, for 
which we receive more or less payment. In 
England, the course is the same, except 
that there boys begin younger and with 
less perfect theoretical education; then they 
serve their time under some practicing en- 
gineer from three to five years, and pay 


him a premium of £300 to £500 for the| 


privilege. This they do, because their 
chance. of future employment depends on 


| being personally known to some engineer 
in large practice. On the continent of Eu- 
| Tope, practical training by serving on pub- 
| lie works as an apprentice to some engineer 
is unknown. Education begins at the oth- 
er end, by the compulsory acquirement of a 
high degree of theoretical knowledge. Part- 
ly with this and partly afterwards, a cer- 
tain amount of practical information is 
given, but the leading idea is to make a 
man a thorough engineer theoretically be- 
fore he begins or is even allowed to prac- 
tice. 

In this country, the tendency, of late 
years has been towards the continental 
methods. We have attempted with a wise 
eclecticism, to combine the advantages of 
both systems, and educate our engineers in 
the theoretical principles of the science first 
and then let them acquire practical knowl- 
edge by practice itself. 

The important question for us to consider, 
and to which I wish to call your attention 
to-day, is, whether a classical education 
should be combined with a purely scientific 
course or not, in that earlier part of engi- 
neering education which is got in the 
schools. We can answer this question 
only by considering what is the object of 
education at all? 

It is to enable us to know ourselves and 
to know the laws of nature. To kuow our- 





selves, we must know the capabilities of the 
human mind, and this will best be found in 
the literatures of nations. To know the 
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laws of nature, we must study the physical 
sciences. The study of letters is the histo- 
ry of the development of human force and 
will. The study of nature is the study of 
_— forces which lie outside of human 
will. 

It is the office of the engineer to sub- 
due these forces by human will for the ben- 
efit of man—or as the motto of the Br.tish 
Institution of Civil Enginecring has it, 
“ Civil Engineering is the art of directing 
the great sources of power in nature for the 
use and convenience of man.” Man and 
nature, then should be his study. These 
are the views of Matthew Arnold, who 
strengthens his own authority by the opin- 
ions of other distinguished educators. My 
own experience coincides with this; obser- 
vation has.shown me by numerous in- 
stances, that those persons who have come 
to the study of Civil Engineering after a 
thorough training in both natural science 
and also, to use the good old expression, 
“the humanities,” are those who make the 
most rapid progress. When a man has 
learned how to learn, he can quickly learn 
anything. 

The limits of this paper will not allow 
me to point out in detail the course of stud- 
ies which should, in my opinion, be pur- 
sued. But I may say generally—it is of 
the greatest importance that what Bacon 
calls “the relative values of knowledges” 
be understood, and not too much time be 

iven to one class to the exclusion of others. 

he mistake of classical teachers is, that 
they value grammar higher than literature 
itself. On the other hand, the mistake of 
teachers of science is, that the mathematics 
preliminary to a knowledge of the laws of 
nature, is valued higher than the knowl- 
edge itself. 

Much t'me is wasted in our colleges and 
technological schools over the higher math- 
ematics. Every engineer here will agree 
with me that the cases where the use of the 
higher calculus is indispensable are so few 
in our practice, that its study is not worth 
the t.me expended upon it, and we have 
the highest authority for saying that unless 
its use is constantly kept up, we become too 
rusty to use it at all. Unless the student 
possesses an extraordinary genius for math- 
ematics, I would limit its study to the ordi- 
nary analysis. 

The time saved I would devote to the 
study of natural science in some of its 
branches. What is it? It consists of ob- 


servations of facts and the relation of phe- 
nomena, of drawing conclusions from the 
data thus acquired and of finally verifying 
these conclusions by observation and exper- 
iment. This is the best mental discipline, 
for it strengthens both the observation and 
the judgment. It teaches patience, accu- 
racy and a love of truth for its own sake. 
I see no reason why the study of the prop- 
erties of all materials of construction should 
not be made a branch of natural science, 
and studied, not alone by taking for granted 
what the books say, but by observation and 
actual experiment. 

The curriculum should include the study 
of both ancient and modern languages; the 
object being to read and understand what 
is written in them and not to be a philolo- 
gist. But let it not be forgotten that the 
study of our own noble language is worth 
that of all the rest put together. Indeed it 
is not sure but that the greatest advantage 
that we derive from the study of other lan- 
guages is, that it enables us better to un- 
derstand and appreciate our own. In re- 
gard to style and expression, any man who 
can think clearly, can write clearly. The 
best style is that which conveys my thoughts 
to your minds by the line of least resist- 
ance. 

Let us now suppose that our student has 
finished his college course. Instead of en- 
tering the technological school, I think he 
should at once go into the field and the 
office, and learn the actual practice of his 
profession. His training will have given 
him the power of generalizing and he will 
be able to see the principles which under- 
lie all classes of practice, and to distinguish 
what is most necessary to be learned. He 
will very quickly find out the reason why 
things are done. After some time spent 
in this way in getting experience of how 
the affairs of the world are really carried on, 
not how they are said in books to be done, 
he may, if he can spare the time, go back 
to the technological school. His practice will 
have shown him his own weak points and 
the “relative values of knowledges” taught 
there, and he will lose no time, but apply 
his whole force to that which he most 
needs. 

The practice of Civil Engineering is now 
so much specialized, that by this time he 
will probably have selected the branch that 
he means to follow. That branch is the 
one that he should study in the technologi- 





,cal school. Then comes the time, when the 
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value of knowing one thing well, will be 
appreciated 
f his abilities have obtained for him val- 
uable employment or connections which he 
is unwilling to break up by going out of 
business and back to school, he can pursue 
the special branch of technical knowledge 
he requires, either by himself or with the 
aid of a private tutor. If, for example, he 
takes up one of the branches of hydraulic 
engineering, let him concentrate his mind 
upon the science pertaining to it. If he 
refers iron bridges as his specialty, he can 
Find occupation for all his powers in study- 
ing the application of statical laws to this 
class of structures. 

By this means, whatever he tries to learn 
he will probably learn thoroughly and well. 
On the other hand, if he attempts to cover 
the whole field of applied science, he will 
have a smattering of many things and have 
nothing well. 

To recapitulate~let the earlier studies 
tend toward d+veloping the mind of the 
student, strengthening his powers of obser- 
vation and judgment, and teaching him to 
generalize. Then let him go into the field 
and study actual practice, select his special 
branch, and acquire the technical scientific 
knowledge necessary to the practice of that 
branch. Let him learn general principles 
in the schools and technical knowledge 
while in practice. 

But a few days ago the greatest of Amer- 
ican railway managers and engineers passed 
away from among us. The life of John 
Edgar Thomson teaches us some things 
which it is well to consider. 

1. It teaches us first the value of concen- 
tration. He gave his whole mind and 
heart and soul to his business. As has 
been well said: “It was his birthright, 
his education, his pride, profit, and amuse- 
ment,” and well did it repay him for his 
pains. 

2. It teaches us the value of training. 
The method and discipline of his early en- 
gineering studies and practice were of the 
—* value to h‘m when conducting the 

rger operations of his mature life. His 
knowledge of the value of that training has 
been shown by the kind of men whom he 
has left as his successors. 

3. We see that no man can hold the po- 
sition that Mr. Thomson did without a very 
broad and general grasp of intellect. He 
may be a specialist and know some branch 
of his profession much more thoroughly 





than the rest; he must have much special 
knowledge of the details of all its branches; 
but all this will avail him nothing unless 
he has the power of generalizing, which 
enables him to look at his business as a 
whole and appreciate the relative values of 
all its different parts. And this power is 
naturally given to but few men, but in all 
it can be vastly increased and developed by 
the power of education. 

I will conclude this paper by recommend- 
ing the young engineer to take for his mot- 
to those noble words of Prof. Clerk Max- 
well: ‘Accuracy in measurement—truth 
in statement—and justice in action; our 
noblest attributes as men, because they are 
the essential constituents of the image of 
Him, who, in the beginning, created not 
only the heavens and the earth, but the 
materials of which heaven and earth are 
made.” 





REPORTS OF ENGINEERS’ SOCIETIES. 


A MERICAN Society or Civit ENGINEERS.— 
The Society issue this month the following 
circular : 

At the last Annual Convention, on motion of 
Mr. J. Dutton Steele, it was— 

“Resolved, that a committee of three be ap- 
pointed to inquire into the various systems of sig- 
nals in use on the several railways of the United 
States, and to report upon the same to the next 
Annual Convention, with such recommendations 
as may seem important.” 

Messrs. J. Dutton Steele of Pottstown, Pa., 
O. Chanute of New York, and Charles H. Fisher - 
of Albany, N. Y., were appointed such commit- 
tee. 


The question of signals has, for quite a number 
of years past, occupied the attention of railway 


engineers and managers. In 1866 a very interest- 
ing report on this subject was made by Mr. Ashbel 
Welch, to a railroad convention at the St. Nicholas 
Hotel, New York. In 1871 a code of signals, rules 
and regulations for operating railroads, was jointly 
agreed to by a committee of railroad officers, and 
the Board of Railroud Commissioners of Massa- 
chusetts, which was subsequently adopted in 
1872 by the Western and Southern Railway Asso- 
ciation, now the Railway Association of America. 

Notwithstanding these efforts, there is yet such 
diversity of practice upon the railways of the 
United States and Canada, as to produce consid- 
erable confusion and to lead sometimes to deplor- 
able accidents. 

The employés of the various railway lines come 
into such close relations at junctions and crossings, 
and so frequently change their service from one 
line to another, that it seems important the utmost 
uniformity possible should prevail in all matters 
pertaining to the signals and movements of trains. 

The committee, therefore, proposes to collect all 
information on the various systems of signals now 
in use upon the railways of this country, and to 
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co-operate, so far as it can, in promoting uniformity 
of practice in this respect. 

Will you be kind enough to send us 3 copy of 
your rules and regulations concerning signals, 
whether embodied in your time-table or book of 
instructions, together with a detailed statement of 
such signals as you may wish to call particular 
attention to, under any of the following heads 

General, or train signals with the steam whistle, 
the engine beil, the train rope, the hand lamp, the 
arm and hand, flags, torpedoes, fusees or fire 
tubes. 

S gnal systems by towers, scimaphores or vanes, 
automatic telegraph. 

Special or fixed signals at junctions of railways, 
grade crossings, switches, stations, tunnels, draw- 
bridges, inc!ined planes, switch backs. 

You will much oblige us if you will send an 
explanatory sketch of such of these as may require 
it, drawn in black lines ona scale suitable for 
publication in the Transactions of the Society. 

The committee will feel especially obliged in 
receiving a description of any system of block 
signals, either mechanical or telegraphic, which 
may be in use, or favored by you, together with 
an account of its workings and of the advantages 
expected, as well as of any interlocking gear and 
signals to regulate the entrance and departure of 
trains at any large station. 

It is also desired to know what system of signals 
would be most applicable to a triple or quadruple 
track railway, in which certain tracks would be 
used exclusively in one direction. 

Please direct replies to the Chairman, Mr. J. 
Dutton Steele, Pottstown, Pa. 

Respectfully, J. Dutton Steele, O. Chanute, 
Charles H. Fisher, committee. 





IRON AND STEEL NOTES, 


HE IRoN ORE oF LABRADOR.—About eight 
years ago it was discovered that there ex- 
isted on the north coast of Labrador, large quan- 
ti'ies of magnetic iron ore in sand, but for a long 
time no one could be induced to seriously take in 
hand the working of the mineral wealth, whose 
existence was undoubted. It seems, however, 
that the time has come at last when those who. 
for eight years past, have vainly endeavored to 
find a market for this magnetic ore, which lies in 
such abundance on the north coast, will see their 
efforts crowned with success. This species of 
sand has been known for several years, but to Mr. 
Lamothe, of Montreal, who accompanied the 
Southern raiders in their flight, is due the honor 
of having contributed te their working and devel- 
opment. A company was formed, and forges were 
built at Moisie. These works have been in opera- 
tion ever since. A short time was sufficient to 
show that magnetic sand was to be found not on'y 
at Moisie. but almost all along the north shore 
The richest deposits are, however, at Matashquan, 
K St. John River, Moisie, and St. Mar- 
guerite. Other deposits are also found elsewhere, 
but not of such considerable importance. Several 
experiments have been made to purify this sand 
in a rapid and economicdl manner, and to make 
steel by the direct process. Both these problems 
have been solved. The secret of purifying we 





owe to Prof. Larne, of the Laval University, and 
the other we owe to Mr, Labreche Kiger (now de- 
ceased) of Montreal. 

Two young gentlemen from Quebec, placing 
great hopes in this new industry, have induced 
some English manufacturers at Swansea to buy 
this black sand when prepared. They began in 
June to put up the necessary houses at a place 
called Black Point, between St. John’s River and 
Mingau, and twenty-three men have ever since 
been constantly employed in preparing the sand, 
which contains in the rough state 30 per cent.. and 
when prepared 99 per cent. of magnetic iron ore. 
These men prepared ten tons of it per day last 
summer, but arrangements are being made by 
which thirty tons per day cen be prepared. 

The experiments already tried for the fabrica- 
tion of steel, and the quality produced, give suffi- 
cient security to rely on the success of this under- 
taking. Quebec has established a factory for the 
fabrication of steel from this sand, and Messrs. 
Duval and Michaud have already sent up several 
tons of the ore to that city. At Matashquan. also 
an establishment is being put up. The richness 
of the ore discovered in Labrador excels the simi- 
lar deposit at Taranaki in New Zealand; and 
there is every indication that the industry thus 
developed will rapidly extend and become an im- 
portant item in the commerce of the province. 


OMPOUND CuPpoLA FurRNACcES.—A cupola fur- 
nace has lately been patented by Mr. Swain, 

of Manchester, in which an auxiliary reservoir is 
attached to the bottom of the cupola. The metal 
as it liquefies, instead of lying in the hearth of the 
cupola below the tuyeres, is, in this arrangement, 
tapped off and collected by a passage in an auxil- 
iary chamber or hearth. The advantages of this 
arrangement are numerous. This reservoir, which 
can with ease be applied to any old cupola, ena- 
bles a much larger quantity of metal, compared 
with the size of the cupola, to be stored up and 
kept hot, than can be done with the old style of 
furnace. It gives an easy method by means of 
which the capacity of any existing cupola may be 
readily increased to meet a demand for heavier 
castings. It is also noticeable that the part of the 
blast producing heat to keep the charge liquid, is 
not obliged, as in ordinary cases, to pass through 
the whole of the fuel. Thus a considerable econ- 
omy is claimed to be effected. The fuel used be- 
ing simply that required to effect fusion, the fusion 
being afterwards kept up apart simply by the hot 
blast, and the oxidation taking place in the bath 
itself. The advantages that the inventor claims 
are as follows: (1) the fusion takes place more 
rapidly, and the weight tapped is much greater 
than under the old system; .2 the passage of the 
hot blast over the surface of the liquid metal, fa- 
cilitates the oxidation of all impurities contained 
in the metal ; (3) the liquid metal is heated more 
strongly, and is better mixed; (4) there is econ- 
omy of time ; (5) large masses can be cast with the 
same ease as small ones; (6) a considerable econ- 
omy of fuel is effected; (7) the liquid metal can 
be retained, and be kept hot for a considerable 
time, in fact, the action of the reservoir has all 
the effect of refining, the silicon, su'phur, and 
phosphorus being largely carried off in the bath. 
The same cupola and reservoir may also be ap- 
plied for the fusion of pig iron for puddling. The 
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liquid metal will run then directly from the reser- 
voir to the puddling furnace, and thus save the 
reheating. This would represent a large econ- 
omy over the ordinary methods. Another advan- 


tage is obtained in the reduction of the expenses 
in repairs to the puddling furnaces, caused by the 
reduction of the pig iron on the hearths of those 
furnaces, since if the metal is introduced in a 
liquid condition into the furnaces, the production 
of iron is doubled in a given time, the expenses of 
repairs and interest on capital are all halved. 





RAILWAY NOTES. 


USTRALIAN RAILWAYS.—The demand for our 
railway iron in the Australian colonies has 
been highly encouraging this year. Month by 
month this demand has grown larger and larger. 
In August it amounted to 10,31 tons, against 
2,295 tons in August, 1873, and 1,993 tons in Au- 
gust, 1872; while in the eight months ending 
August Bist, this year, it amounted to 55,252 
tons against 13,304 tons in the corresponding pe 
riod of 1873, and 14,577 tons in the corresponding 
period of 1872. There seems little reason to sup- 
pose that the Australians will for many years to 
come be able to provide for their own rail con- 
sumption ; and as the activity prevailing in the 
development of Australian railways is ve 
marked and decided, we shall, in all likelihood, 
make liberal rail deliveries to Australia for, at 
aa rate, the next five years. 
he latest intelligence to hand from the Aus- 
tralian colonies shows that the locomotive is grad- 
ually extending its operations in those interesting 
dependencies. As regards Victoria, it may be ob- 
served that the line from Castlemaine to Mary- 
borough, and the first section of the Ballarat and 
Maryborough line, from Ballarat to Creswick, 
were opened for traffic on July 7. The Castle- 
maine and Maryborough line was commenced in 
September, 1872, and wus one of the light lines 
authorized by the Victorian Railway Construc- 
tion Act, 1871. The length of the line is 34 
miles. The line from Maryborough to Dunolly is 
in a forward state, and it will be finished in about 
two months. The construction of the Ballarat 
and Maryborough line is also being proceeded 
with as rapidly as possible ; the first section, from 
Ballarat to Creswick, which has been opened for 
traffic, comprises a distance of 11% miles; the 
second section of this line, from Creswick to 
Clunes, a distance of 10% miles, will be completed 
in about four months, and it is anticipated that 
the line will be finished through to Maryborough 
in February or March, 1875. As regards Tasma- 
nia, the Tasmanian Main Line Railway is being 
pushed through with great energy, and it has ab- 
sorbed a very lurge quantity of rails and accesso- 
ries. Even now this demand can scarcely be re- 
garded as exhausted. In New South Wales and 
Queensland we find a great deal of railway activ- 
ity, and in New Zealand several lines of some im- 
portance are also on hand.— Lond. Mining Journal. 





ENGINEERING STRUCTURES, 


HE CHANNEL TUNNEL.—The preliminary steps 
towards the execution of this stupendous pro- 
ject are being steadily advanced, although the 





undertaking itself has dropped from the view of 
the general public. The mechanical and geologi- 
cal questions involved were fully discussed in a 
paper read before the Society of Arts in March 
last, fully reported in our columns at the time. 
They have been considered with much care by the 
advisers of the committee of promoters, Sir John 
Hawkshaw and Mr. Brunlees. The grey cha k— 
a mass of strata 500 ft. thick and impervious to 
water—which forms the principal mass of the cliff 
at both Dover and Calais, strikes across the chan- 
nel with so little divergence from horizontally 
that a tunnel could be pierced within the vertical 
bounds of its thickness. To ascertain with ex- 
actitude the configuration of its outcrop, and the 
surface outlines of the other associated cretaceous 
rock,—numerous soundings and borings of the 
sea-bed have been made in a most ingenious man- 
ner by means of an iron tube, over which a hollow 
shot, fitting loosely, is raised and let fall upon a 
flange attached to the tube, the end of which is in 
this way driven int» the substance of t' e s2a-bottom, 
the core thus obtained giving the required sample of 
the rock perforated. Some hundreds of these bor- 
ings have been made, and a geological chart of the 
Channel constructed from tlese data. These ac- 
curate details of the strata and their outcrops have 
enabled the most promising line of route to be 
selected, and which is accidentally very nearly 
that of the Dover and Calais Submarine Telegraph 
Cable. The plan and construction of the proposed 
tunnel has received the joint approval of M. Du- 
roich, M. Bergeron, M. Lavallay, and other associ- 
ated engineers of eminence. The line of the main 
tunnel, which is to be large enough for a double 
line of railway, isdrawn straight from St. Marga- 
ret’s Bay, South Foreland, to a point very nearly 
midway between Calais and Sangatte. 

In longitudinal section the proposed tunnel 
presents a slight fall of 1 in 2640 from the centre 
towards either extremity, and the vertical depth 
of the highest point of its floor is 436 ft. from 
Trinity high-water mark, and 200 ft. beneath the 
sea-bottom itself. From the land levels of the 
existing railways the two approaches make long 
descents of over four miles, each with gradients of 
one in e‘ghty, into the tunnel ends, over two miles 
being under the sea, the total of the whole amount 
of tunnelling amounting to thirty miles. The 
greatest depth of water over the sea-bed above the 
tunnel is stated to be 180 ft. Below the railway 
approaches, and continuous with the floor of the 
submarine tunnel itself, there will be at each end 
a driftway leading to vertical shafts ashore for 
drainage and ventilation. These terminal shafts 
and driftings are the preliminary works which it 
is intended to make as tests for the practicability 
of the general undertaking. and of which, when 
completed, they will form essential portions. The 
shafts will be 19 ft. in diameter, built around 
with 24 in. of brick laid in cement, and the head- 
ings, which will be driven by mavhine—probably 
Brunton’s—will be lined with 14 in. of brickwork, 
and have internal diameters of 7 ft. Their form 
will be horseshoe, with straight sides, and a flat 
inverted arch below the floor. The estimate for 
the entire preliminary works—which, to satisfy 
the amour propre of both nations, will be carried 
on simultaneously in both countries — is, with all 
expenses contingent on their execution, something 
less than £160,000, including the two pumping 
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engines, of 2,000 horse-power each. The total 
cost of the whole tunnel and its accessories is, for 
the present, put at £10,000,000; but there are 
those among the engineers who think the prelimi- 
nary works will afford data for a much lower esti- 


mate. 

Considerable progress has also been made in the 
commercial arrangements. The actual position of 
affairs at this time is that the projet de lot has 
been prepared, and will be presented on the reas- 
sembling of the French Chamber in November by 
M. Caillaux, now minister of Public Works, for- 
me ly a member of the Channel Tunnel Committee 
—the aspect of this Channel Tunnel scheme having 
thus changed from adverse under the Government 
of M. Thiers to conditions not unfavorable under 
that of Marshal MacMahon. Nothing further can 
be done until then to advance matters beyond their 
present position, and of course nothing more sub- 
stantial is likely to be ever effected until a conces- 
sion be obtained. ‘The promoters, knowing the 
cost of the tunnel railway will be ten times that 
of an ordinary one, not unreasonably seek power 
to levy fares to say five times the French rates, or 
@ maximum toll of about 5d. per mile—the present 
steamboat rates béing 4d., and the English legal 
first-class fare 3d. per mile. It does not follow, 
however, that the maximum fares conceded would 
be the ordinary fares charged. The Channel 


Tunnel project is to be carried out by a French 
and an Enzlish company, the general management 
to be vested in a committee whose members will 
be furuished by the two directorates. Towards the 
preliminary engineering works each company is 


to contribute £80,000,of which £40,000 is definitely 
promised by the Northern of France; and £20,000 
more is added by Rothschild Brothers, of Paris, 
whose intimate relations with that railway are 
well known The residue will be contributed by 
the French members of the promoting committee. 
With the English company no advance has been 
made over the original £30,000 subscribed in 1872; 
but its moiety of the preliminary total it is ex- 
pected will also be subscribed privately.—J/ron. 


HE WATER SUPPLY OF PARIS.—A correspond- 
ent of the Leeds Mercury gives the following 
description of the great works at the Reservoirs of 
Montsouris: Until these works were completed, 
the Parisians possessed only 338,'00 cubic metres 
of water, or 1,108,900 cubic feet; that is to say, 
140 litres per head. This water comes from the 
springs of Belleville and the Prés St. Gervais, the 
artesian wells of Grenelle and Passy, the springs 
south of the city, formerly called “ Royal Springs,” 
passing by the aqueducts of Arcueil, the rivers 
Ourcq, Marne, Seine, and lastly the Dhuis, which 
is diverted from its course almost at its source, and 
which made its first entrance into the city of Paris 
in 1865. The waters of the Dhuis are received 
in the magnificent reservoirs of Menilmontant on 
the second story, and comprise 100,000 cubic me- 
tres of water, while the first story of these same 
reservoirs receives the waters of the Marne. It is 
simply two lakes one above the other. Maxime 
du Camp justly calls this “a unique construction,” 
for, says he, “when I call to mind the cistern at 
Constantinople, with its thousand and one pillars, 
the dam in the Valley of Belgrade, the ‘ Piscina 
Mirabile’ at Naples, ethcom wells at Ray el 
Din, and the cistern of Hezekiah, at Jerusalem, I 





can find nothing at all analogous, and I believe 
that in all ages nothing equal to it has been pro- 
duced. It appears all but miraculous, when we 
consider its marvellous conception, and the im- 
mense difficulties in its construction. It is a tri- 
umph of genius and scientific industry.” The 
work has cost 8,700,''00 francs, and covers a sur- 
face of two acres, and is one-third less in size than 
that which is now being completed on the heights 
of Montsouris. In a short time the Parisians will 
be in possession of an additional supply of water, 
amounting to 328,1UU0 cubic feet, consequently 
giving in ull 210 litres per head, instead of 140. 

We are far indeed removed from the time when 
Frangois I. had to petition his good city of Paris 
for a small supply of water, to use the expresvion 
of the period, “no larger than a vetch seed,” for 
the use of the Bishop of Castres. In those days 
460 cubic metres, or 1,509 cubic feet of water, was 
the supply for the whole population of the city, 
and this was in 1669, only two centuries ago. The 
last of these admirable results was effected by the 
construction of new reservoirs on the site of the 
ancient park of Montsouris, for many )ears the 
rendezvous of beggars, miscreants, etc. These 
will be dislodged, another beneficial result of this 
undertaking. 

The great hydraulic works of which I am speak- 
ing distribute in Paris the waters of the river 
Vanne, taken at their source in the Department of 
the Aube, about 104 miles from Paris, and brought 
by aqueducts through a pipe of cast iron of upwards 
ofametreindiameter. ‘his gives 1 metre 10 centi- 
metres cube of water per second, which flows into 
the reservoirs. These reservoirs are four in number, 
two on the lower and two on the upper story. They 
are completely separate, but can be united to each 
other according to the requirements of the service, 
or for repairs, etc. It is a perfect forest of pillars 
made visible by a very peculiar light let in through 
semicircular air-holes. The shadows cast by the 
high and narrow arches, in which the water rises 
upwards of five metres, cause a strange and mys- 
terious appearance which it is difficult to describe, 
or if once seen to forget. In each section there 
are 900 columns ranged in thirty equal divisions, 
making in all 3,600. These columns, as well aa 
the arches and the floor. are made of stone, covered 
with cement. The columns gradually diminish 
in circumference until they reach the height of 5 
metres 80 centimetres, where the arches com- 
mence which unite them. The greatest elevation 
is 7 metres 10 centimetres. The pillars of the 
upper story are inferior in height and strength, 
not being required to support an equal weight of 
water. This floor will contain only 100,000 me- 
tres of water, while the lower floor will contain 
200,000 metres. The whole will be covered with 
50 centimetres of earth, to be sown with grass, in- 
tended to preserve the water from the influence of 
atmospheric changes. Its external appearance is 
that of a massive building with but few apertures, 
and is by no meuns ornamental. This water will 
supply the principal quarters of Paris, and will 
replace that of the river Ourcq, which is in such a 
filthy condition that the iron gratings through 
which it passes require to be cleansed three times 
a day, and during the period of the hay harvest 
these gratings have to be changed every half-hour 
to prevent their being broken. This colossal 
work will cost five million francs—an immense 
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gum it is true; but will not the benefit also be im* 
mense in securing to the population of Paris an 
almost unlimited supply of pure water? 





ORDNANCE AND NAVAL. 


Sag eae EXxPERIMENTS.—The third of the se- 
ries of what are known as the ‘‘ Oberon Ex- 

riments” has taken place. The Oberon was 
ormerly a wooden paddle-steamer, but her bottom 
has been plated, in order that it may resemble the 
bottom of the Devastation; and the object of these 
experiments is to ascertain at what distance from 
an ironclad a torpedo may be fired without injury 
toher. At the first experiment, a mine contain- 
ing 500 lbs. of compressed Waltham Abbey gun- 
cotton, saturated with fresh water, was sunk at a 
depth of 47 ft., and at a horizontal distance of 100 
ft. from the starboard beam of the Oberon, which 
was moored off Fort Monkton. The mine was 
fired from the fort by electricity, but the ship sus- 
tained little or no injury. At the second experi- 
ment the distance of the torpedo from the ves- 
sel was reduced to 80 ft., but again the ship 
escaped. The last experiment was under pre- 
cisely similar conditions, except that the distance 
was still further reduced to 60 feet. The boats 
having got clear of the ship, at ten minutes to four 
the mine was fired. The explosion was followed 
by a huge column of water being thrown some 
hundreds of feet into the air, and by much 
slaughter of fish. On the ship being boarded, a 
joint of the inlet pipe leading to the condenser 
from the sea, was found to have been started, and 
to be leaking, everything movable on board had 
been displaced, and had she been fully rigged it is 
probable the upper part of the ship would have 
been a good deal injured. But, so far as can at 
present be ascertained, her hull had once more en- 
tirely escaped. Some sheep and rabbits left on 
board seemed none the worse for the explosion. 
The Oberon w s soon afterwards towed into har- 
bor and docked. On Monday last week she was 
officially surveyed. The survey resulted in the 
official conclusion that no damage was inflicted 
upon the double bottom or the hull of the vessel 
by the experimental explosion of a sunken mine 
within a horizontal distance of 60 ft. The slight 
damage to the joint of the inlet-pipe to the con- 
denser is considered to be solely due to the fact 
that the condenser is not fastened to the Oberon s 
bottom in any way, and not at all likely to hap- 
pen toa condenser fixed in the ordinary way on 
board all ships fitted for service in commission. 
At the next experiment, the mine will be placed 
at only 40 ft. from the ship.—/ron. 


E NAVIES oF EvropE.—The German corre- 

spondent of the 7%mes, in an interesting article 
on Prussian ironclads, gives the following com- 
parative list of the vessels of the European navies: 
—All Europe at this moment has 142 ironclads fit 
to be placed in line of battle. Of these England 
owns 38, France 28, Austria, Russia, Italy and 
Turkey 15 each, Germany 8, Spain 7, Denmark 3, 
Greece 2, The tonnage of the German ships and 
the size of their guns are, however, so uncom- 
monly great that, although few in number, they 
are supposed to bé a match for any navy, those 





of England, Russia and France excépted. Besides 
these there are 103 iron-cased vessel to be found 
in Europe for the defense of coasts. Of this num- 
ber Germany has two; Spain, Norway and Den- 
mark, 3 each ; Turkey, 5; Sweden, 9; Russia, 13; 
Holland, 18; England, 23; and France 30; 431 
screw frigates and corvettes make up the wooden 
array of European strength at sea. Here, again, 
England, with 132 vessels, 5,670 guns and 50,700 
horse power, has the first place. France, the sec- 
ond on the list, records only 52; Russia, 48; Tur- 
key, 44; Spain, 37; Holland 25; Italy, 24; Ger- 
many, 17; Denmark, 16; Austria, 14; Portugal 
8; Sweden, 6; Norway, 5; Greece, 2. Smaller 
craft, such as avisos, gunboats etc., of which 
England alone has 276, with 309 guns, and 13,284 
horse power, are not reckoned in this calculation. 
If England were to man her navy for war, she 
would require 68,000 men, of whom 22,000 would 
have to be enlisted for the purpose. Russia for 
the like object, wants 36,000 ; France, 33,570; 
Turkey, 21,000; Spain, 14,00); Germany, 13,- 
000 ; (every one kept in readiness); Austria, 11.- 
580; Italy, 11,200; Holland, 6,260; Denmark, 
4,800; Norway, 3,500; Portugal, 3,800; Sweden, 
about 8,000. Comparing the total of the German 
crews with those of the other States, we find it 
exceeded by England, Russia, France, Turkey 
and Spain. Spain does not count, so much of her 
forves existing only on paper; nor can Turkey’s 
numbers be relied upon, she being to a great ex- 
tent dependent on foreign help for the effective 
manning and officering of her ships. Hence the 
German navy is in reality inferior only to the 
British, Russian and French; and even this state- 
ment requires to be qualified, German vessels 
being much more sparingly manned than either 
the Russian or the French, and 13,000 German 
sailors being accordingly not so very much below 
the strength of 36,0\0 Russians or 33,570 French- 
men, as the figures would seem to indicate. 





BOOK NOTICES. 


LEMENTARY History or Art. An Intro- 
duction to Ancient and Modern Architec- 
ture, Sculpture, Painting, and Music. By N. 
D’ANVERS. With a Preface by T. Roger Smith, 
F.R.I.B.A. Price, $4.00. For sale by Van Nos- 
trand. 

It 1s not an easy task to compress the history 
of Art within the compass of an ordinary-sized 
volume without allowing much of what is the 
essence of such a history to escape in the process. 
The subject isso large, and requires so much 
space for its treatment, that when a confined 
limit is fixed, there is a risk that the result will 
be little more than a catalogue of names. On 
the other hand, as painting, sculpture, and archi 
tecture are related, it is of advantage for any one 
about to undertake the study of either to be able 
to obtain amore or less comprehensive glance 
at the three. There is no doubt that an elemen- 
tary history of art has been required, and this 
Mr. D’Anvers has now given to the public ina 
compact volume. He has used a popular Ger- 
man treatise as a basis, but has taken care to 
meet the special requirements of English readers. 
English art is treated specially, and throughout 
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he refers to the examples of the work of other 
countries which are found in the British Museum, 
the National Gallery, and the South Kensington 
Museum, and especially among the fine collec- 
tion of copies of sculpture at the Crystal Palace, 
and by so doing shows what opportunities are 
available to those who cannot visit Continental 
galleries. There are one hundred and twenty 
excellent German woodcuts in the book—but 
nearly all are from foreign examples ; there are 
some illustrations among them of English build- 
ings; but there is not one from an English paint- 
ing or statue. This deficiency might have been 
supplied without much expense, and the illus- 
trativns would then bear a better proportion to 
the letter-press in the attention given to English 
art. Unlike certain other writers, the author 
has no theory of his own to offer as the key to 
the history of art, and the student cannot there- 
- fore be biassed in a way as likely to be injurious 
as helpful. Although Mr. D’Anvers’ book is 
mainly intended for those who are about to com- 
mence the study of art, yet, from its correct- 
ness and eonciseness, it will be found to bea 
handy compendium of art history for those who 
have experience. For general readers, or the 
great kody of amateurs, it will be found most 
valuable, while the style in which the volume 
has been produced, renders it particularly 
adapted for a present or for a prize in schools.— 
Architect. 


r= Lessons IN THEORETICAL MECHANICS. 


By the Rev. John F. Twisden, M. A. Lon- 
don. 1874. Price, $4.25. For sale by Van 
Nostrand. 

Professor Twisden’s treatise on mechanics is 
remarkably clear in arrangement and style. 
There are also a very large number of examples 
introduced as illustrations of principles, and 
which no less become tests of a student’s pro. 
gress. Only alimited knowledge of mathematics 
is needed in order to follow the author’s treat- 
ment of the subject. The book may be recom- 
mended as an elementary treatise which is both 
simple and precise. 


\ ORKSHOP RECEIPTS FOR THE UsE or MANUv- 

FACTURERS, MECHANICS, AND SCIENTIFIC 
Amateurs. By Ernest Spon. 1873. Price, 
$2.00. Forsale by Van Nostrand. 

This volume, which has been published for 
several months, has merited an earlier notice at 
our hands as a really remarkable compilation of 
receipts of almost every kind that may prove of 
service to those to whom its title page is ad- 
dressed. But small attempts even at broad clas- 
sification have been attempted, so that we find 
the contents of the book somewhat as follows : 
receipts for mechanical draughtsmen, followed 
by others referring to metals, cements, dyeing, 
giass, porcelain, and pottery, varnishes, pig- 
ments, painting, masonry, plastering, engraving, 
firework making, electro-metallurgy, photogra- 
phy, soap and candle making, veneering, marble 
working, etc. Still by the help of the really very 
fair index the book possesses, any particular 
receipt can be selected from the heterogeneous 
mass, and we must say, in all justice to the 
author, that when found, the receipts are almost 





invariably useful, and bear evidence of having 
been carefully prepared, and submitted to prac- 
tical criticism before publication. We should 
imagine, indeed, that the writer must have con- 
sulted a great number of authorities, apart from 
book research, for a large number of the receipts 
are new, that is to say, they have not been pub- 
lished before, and old ones have been modified, 
and their usefulness increased. 

To add to the value and clearness of the letter- 
press, aconsiderable number of small engravings 
are scattered among the text, and save much 
space in explanation. We trust that this book 
has already met with what it deserves—a full 
meed of success among those for whose bene- 
fit it was prepared.—Hngineering. 


RON AND STEEL. By CHARLES HOARE. A 
Work for the Forge, Foundry, Factory and 
Office. Charles Hoare, Southampton. 

The book before us gives a very useful collec- 
tion of notes and tables, and which we can cor- 
dially recommend to those engaged in consider- 
ing the detuils of all kinds of iron and steel 
work. The author in his preface supplies an 
excellent guarantee that his book has been com- 
piled with care and accuracy, and that it is gen- 
erally useful, when he gives a list of all the 
leading shipbuilding and engineering firms in the 
kingdom who have certified their approval of it. 
And we may further state in its favor that this 
little work has already passed through six edi- 
tions, a fact which shows that its utility has been 
pretty extensively recognized. Many useful 
hints and rules are given for lessening the amount 
of arithmetica: labor, which is always more or 
less necessary in arranging iron and steel work 
of all kinds, and a great quantity of useful tables 
for preparing estimates of weights, dimensions, 
s.rengths of structures, costs of work, etc., will 
be found in Mr. Hoare’s book. The following 
passage we quote from the author’s preface, an 
the statement he makes in this quotation we can 
fully indorse, after having carefully examined 
the data he gives : 

‘Differing materially, as it does with few ex- 
ceptions, in the treatment of the various pro- 
cesses, it also contains a greater amount of special 
information on iron and steel working than can 
be found in any other book. In this department 
it has found a province of its own, without 
trenching on ground so ably filled by Molesworth, 
Templeton, and other established favorites,” 


TREATISE ON THE PRINCIPLES AND APPLICA- 

TIONS OF ANALYTIC GEOMETRY, By HENRY 

T. Eppy, C. E. Pa., D. For sale by Van Nos 
trand. 

We find in Prof. Eddy’s new work some fea- 
tures which we have long regarded as importaat, 
but which have hitherto been wanting in an 
American text book suited to Academic and 
Collegiate students. Among these are, the im- 
proved notation of angles, such as is employed 
by European writers on modern Geometry—A 
thorough exposition of the general principles of 
the science set forth in a series of propositions, 
and Newton’s method of discussion of curves 
and their singularities. 

A great number of examples are afforded for 
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practice, and in addition to these frequent so- 
called exercises are given for the more advanced 
student. 

The typography of the book is excellent. 


UILDING ConsTrRUCTIONS; SHOWING THE Em- 

PLOYMENT OF BRICK, STONE AND SLATE IN 

THE PRACTICAL CONSTRUCTION OF BUILDINGS. 

By R. Scorr Burn. 1873. Two vols. Lon- 

don and Glasgow. Price, $1.50. For sale by 
Van Nostrand. 

This is one of the numerous eer of text 
books which many publishers have of late years 
issued broadcast, and it possesses the common 
characteristic of this class of work in being ele- 
mentary and profusely illustrated with coarsely 
executed sketches. Indeed, besides the cuts in 
the first volume, which number 180, in 132 
small pages, the second volume is made up of 
twenty plates, nearly the whole illustrating dif- 
ferent modes of setting bricks, and to enhance 
their value the author says, ‘‘ It is right to state 
that they have been, with few exceptions, pro- 
jected expressly for this work from examples of 
small scale bricks laid down specially for our 
purpose.” The italics are not our own. 

We think that Mr. Burn might have spared his 
readers the first chapter on drawing, which is 
absolutely of no service, being too brief to serve 
those quite ignorant of the art, and too elemen- 
tary for any ordinary lad to profit by after he 
has been a week in a drawing office. Plate I. of 
the atlas, also, is quite useless, consisting as it 
does of a number of badly divided scales, the 
intended purpose of which we do not under- 
stand. 

Apart from these faults, we believe that Mr. 
Burn has written a little handbook that will be 
useful for reference not only to the student, but 
to builders, draughtsmen and intelligent brick- 
layers.— Engineering. 


HE New Cuemistry. By Jostan P. Cooke. 
New York. 1874. Price, $2.00. 

It is long since we read a work on chemistry 
which has charmed us so much as this of Pro- 
fessor Cooke, and the publishers are weil deserv- 
ing of credit for including it in their Internation- 
al Scientific Series. The mode of treatmeut 
adopted by the author is opposed to that of every 
other elementary treatise we know of, yet for 
giving a clear idea of the cardinal facts and the- 
ory of the science there is none equal to it save 
Hoffman’s lectures on ‘‘ Modern Chemistry.” 
But Hoffman begins with experiment, and con- 
tinues with beautiful and well-chosen illustra- 
tions to lay a foundation upon which he erects 
the theories and laws which are now generally 
accepted as governing and explaining chemical 
changes. Boldly reversing what the majority of 
us has always considered the natural mode of 
building up a science, Professor Cooke starts 
With a theory, the law of Avogardo and Ampére, 
and goes on through unaccustomed paths, occa- 
sionally throwing in a bit of heresy, e. g., a doubt 
of the correctness of the wave theory of light— 
teaching his hearers and leaders certain dogmas 
in chemical physics, and forcibly impressing 
them on the mind long before he insists on a sin- 

’ gle chemical fact proper, or even gives them a 





single experiment or symbol. The success with 
which he has treated his subject is the best pos- 
sible refutation of our previous prejudice against 
the mode he has adopted, though we are still in- 
clined to think that only the equals of our au- 
thor can hope to share this success. The book 
may be read with advantage by those belonging 
to the same class as the audience before which, 
in the form of lectures, it was first laid—namely, 
the intelligent but not professional, the style be- 
ing lucid and the illustrations well selected. Stu- 
dents will also profit by its perusal, as it will 
teach them to think, and if they have been ex- 
ceptionally well drilled in ordinary methods it 
will do something towards shaking their faith, 
and thus give them that desirable liberality of 
mind which holds theories loosely but facts firm- 
ly. It may even teach some how to classify 
facts for themselves—an accomplishment by no 
means sO common among our uniformly manu- 
factured students as it ought to be. We can add 
no more to our recommendation except the fur- 
ther one to our readers, that they cannot do bet- 
ter than peruse the book for themselves.—Jron. 
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HE THURSTON TESTING MACHINE.—REPORT 
oF NAVAL OFFICERS UPON ITS USE AND 
Erricrency. Navy Yard, New York, May 2d, 
1874. Vice Admiral 8. C. Rowan, U. 8. N. 
Comd’t. Navy Yard, New York. 

Sir:—In obedience to your order of the 25th 
ult. that we should proceed to the Steven’s Insti- 
tute of Technology, in Hoboken, New Jersey, 
and witness the operation of the Machine de- 
signed by Prof. R. H. Thurston of that Institute 
for testing the strength of materials, etc., to 
examine those in course of construction, to in- 
spect the work already done, and the designs of 
machines proposed for special purposes, and to 
report in duplicate the results of our examina- 
tion and our recommendation in view thereof. 

We have the honor to report that, we have 
visited the Steven’s Institute and witnessed the 
operation of a machine which has for its pur- 
pose to subject specimens of different materials 
to strains of torsion continuously from the initial 
strain through all the succeeding stages to final 
rupture; the machine being furnished with an 
automatic registry by which means the relation 
between the moment of torsion and the angle of 
tortion is graphically represented throughout the 
entire process of any experimental inquiry of the 
kind. We have also examined several machines 
in course of construction with improved features 
in the details of their operation, besides examin- 
ing drawings of other and larger machines. We 
are satisfied that this form of Testing Machine 
admits of being used with great facility in the 
practical study of the properties of the woods, 
the metals and their alloys, especially with refer- 
ence to their elasticity, ductility and ultimate 
resistance, that it is capable of revealing charac- 
teristic physical properties of great value in 
forming a practical judgment of their relative 
usefulness under different circumstances of their 
production or manufacture. 
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We find the machine an extremely simple one, 
and as small cost (estimated at $350.00 each), 
and, while we do not think it can judiciously 
replace the machines for direct tension, we are 
of the opinion that this machine would be found 
quite useful in the different departments of the 
Navy Yards requiring the kind of information 
furnished by it. 

Signed, Robert Danby, Chief Engineer, U. 
8. N., W. L. Hanscom, Naval Const’r., U.8. N., 
Richard W. Meade, Commander, U. 8. N. 


| ger Drawinc.—At the last meeting of 
the British Association, Mr. George Fawens, 
of North Shields, read a paper on a new method 
he proposes for facilitating this manner of pro- 
jection. 
Isometrical drawing is supposed to represent 
a bird’s-eye view of objects thrown back or for- 
ward at an angle of 30 degs. Right angles are 
thus extended or foreshortened 30 degs. in a 
manner somewhat similar to perspective draw- 
ing of square or cubes, the angles of 90 deg. being 
thus represented isometrically by angles of 60 
degs. or 120 degs., and a square plane being 
drawn in a lozenge or diamond shape. In order 
to draw more readily lines intersecting each other 
at angles of 120 degs. and 60 degs., it is pro- 
posed by Mr. Fawens to use equilateral triangu- 
lar-shaped boards with the ordinary T-square 
applied to the edges of the three sides. In an 
isometrical drawing these three sides will give 
lines corresponding in length, breadth, and height 
or depth. To draw acircle isometrically some 
simple methods are proposed ; the circle drawn 
isometrically appears to be expanded or con- 
tracted to an elliptical or oval-shaped form, as is 
at once seen by cutting a cylinder or tube at an 
angle of 30 degs. It has been found that after 
setting off and squaring up on the A\ drawing- 
board the two diameters of a circle, they are en- 
closed in a lozenge or isometrical square, and 
that the obtuse apex of this lozenge gives the 
centre for the drawing of the arc of a circle cor- 
responding to the curve of the circumference of 
the minor axis between the points where the 
diameters of the circle touch the lozenge, the 
radius of which is given by the distance from the 
outer apex to these points; and the half of the 
minor axis gives the radius for completing the 
circles from these points by describing the end 
curves of the major axis of the ellipse of an iso- 
metrical circle, or these curves may be drawn 
freely by hand or with templates. ‘To draw any 
other angles more or less right angles, a lozenge- 
shaped protractor is proposed. In this the 
lozenge is divided by two diameters parallel to 
the sides, into four isometrical squares; of these, 
the outer corners are divided for the angles of 
45 degs., the outer sides of these squares are di- 
vided for divisions of 15 degs. each ; these again 
subdivided into three divisions of 5 degs. each ; 
these again minutely divided into five — 
parts, corresponding each to a degree. his 
protractor gives at once right and left any re- 
quired angle from the centre of the diameter 
— to the sidesof thelozenge. For any angle 
rom any base line not parallel to the sides of the 
lozenge, it is only necessary to take a diameter 
of the lozenge corresponding to the base line, and 
the required angles are set off from the centre of 
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that diameter right or left. It is supposed that 
the use of equilateral-triangular copper plates 
and triangular blocks of boxwood will greatly 
facilitate the application of isometrical drawing 
to copper plate and woodcut engravings.— 
Architect. : 

[This method was described in the American 
papers some four years since.—Eb. | 


INISHING Woop witH CHARCOAL.—The “‘Uni- 
ted States Cabinet Maker” gives the following 
brief account of the method adopted by French 
cabinet-makers of producing a dead black on fur- 
niture and other work :—All the world now knows 
of those articles of furniture of a beautiful dead 
black color, with sharp clear-cut edges, and a 
smooth surface, the wood of which seems to 
have the density of ebony. Viewing them side 
by side with furniture rendered black by paint 
and varnish, the difference is so sensible that the 
considerable margin of price separating the two 
kinds explains itself without need of comment. 
The operations are much longer and much more 
minute in this mode of charcoal polishing, which 
respect every detail of the carving, while paint 
and varnish would clog up the holes and widen the 
ridges. In the first process only carefully se- 
lected woods of a close and compact grain are 
employed ; these are covered with a coat of cam- 
phor dissolved in water, and almost immediately 
afterwards with another coat composed chiefly 
of sulphate of iron and nut-gall. The two com- 
positions in blending penetrate the wood and 
give it an indelible tinge, and at the same time 
render it impervious to the attacks of insects. 
When these two coats are sufficiently dry, they 
rub the surface of the wood at first with a very 
hard brush of couch-grass, or dog’s-tooth grass, 
(Triticum repens) and then with charcoal of a 
quality as light and friable as possible, because 
if a single hard grain remained in the charcoal 
this alone would scratch the surface, which they 
wish, on the contrary, to render perfectly smooth. 
The flat parts are rubbed with natural stick char- 
coal, the idented portions and crevices with char- 
coal powder. At once, almost simultaneously, 
and alternately with the charcoal, the workman 
also rubs his piece of furniture with flannel 
soaked in linseed oil and the essence of turpen- 
tine. These pouncings, repeated several 
times, cause the charcoal powder and the oil to 
penetrate into the wood, giving the article of fur- 
niture a beautiful color and perfect polish, 
which has none of the flaws of ordinary varnish. 
Black wood, polished with charcoal is coming 
day by day to be in greater demand; it is most 
serviceable; it does not tarnish like gilding, nor 
grow yellow like white wood, and in furnishing 
a drawing-room it agrees very happily with gilt, 
bronzes, and rich stuffs. In the dining-room, too, 
it is thoroughly in its place to show off the plate 
to the greatest advantage, and in the library it 
supplies a capital frame-work for handsomely 
bound books.—Znglish Mechanic. 


Ts largest crane in the world has just been 
erected at the docks at Barrow-in-Furness, by 
Sir W. G. Armstrong and Co., Newcastle-on-Tyne. 
It lifted 100 tons of rails with ease last September 
at the experimental trial. 





